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CHAPTER I .
HISTORICAL ACCOUNT.
In  th e  f o l l o w i n g  p a g e s  a h i s t o r i c a l  a c c o u n t  o f  the  
d i s e a s e  and i t s  t r e a tm e n t  h a s  b e e n  g iv en *  Numerous a r t i c l e s  
were c o n s u l t e d  and f r e q u e n t  r e f e r e n c e  was made to  th e  c l a s s i c a l  
s u r v e y  o f  the  d i s e a s e  b y  E. Ashworth Underwood (1 9 U 0 ),
C e r e b r o s p in a l  f e v e r  h as  b e e n  d e f in e d  as an i n f e c t i o u s ,  
c o n t a g io u s  d i s e a s e  o c c u r r i n g  b o th  s p o r a d i c a l l y  and i n  e p id e m ic s ,  
and c a u s e d  by th e  m en in g o co ccu s  ( D ip lo c o c c u s  m e n i n g i t i d i s  o f  
W eich se lb a u m )*
E p id em ics  o f  t h i s  d i s e a s e  h ave  sw ep t Europe and A m erica  
a t  w e l l  r e c o g n i s e d  i n t e r v a l s ,  t h e  f i r s t  a c c u r a t e l y  r e c o r d e d  
e p id e m ic ,  o c c u r r e d  i n  G-eneva i n  1805* and was d e s r ib e d  by  
V ie u s s e u x ,  H is  a c c o u n t  (q u o te d  from F o s t e r  and G -askell 1 9 l 6 )  
i s  o f  i n t e r e s t ,  and c o r r e sp o n d s  c l o s e l y  w ith  d i s e a s e  as i t  i s  
known to d a y , F or  exam ple he s t a t e s :  "The i n i t i a l  symptom was
a sudden  f a i l u r e  o f  s t r e n g t h ,  th e  e x p r e s s i o n  was a n x io u s ,  the  
p u l s e  f e e b l e ,  som etim es  t h r e a d l i k e ,  i n  a fe w  c a s e s  hard  and 
bou n d ing . T here was v i o l e n t  h ea d a ch e  i n  th e  main f r o n t a l .  The 
h ead ach e  was f o l lo w e d  by v o m it in g  o f  g r e e n  m a t t e r ,  by s t i f f n e s s  
o f  th e  s p in e ,  and i n  some by c o n v u l s i o n s .  The body showed livid 
p a t c h e s /
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p a t c h e s  a f t e r  d e a th ,  o c c a s i o n a l l y  d u r in g  l i f e ” .
A f t e r  t h i s  f i r s t  e p id e m ic  i n  Geneva, t h e  d i s e a s e  was 
r e p o r t e d  as o c c u r r in g  i n  o t h e r  c o u n t r i e s .  A m erica  was a f f e c t e d  
and e v e n t u a l l y  th e  U n i t e d  Kingdom b u t  n o t  u n t i l  a c o m p a r a t iv e ly  
l a t e  d a t e .  H ir s c h  i n  h i s  work, " T r e a t i s e  on  G e o g r a p h ic a l  and 
H i s t o r i c a l  P a th o lo g y " ,  d e s c r ib e d  f o u r  e p id e m ic  p e r i o d s .
The f i r s t  p e r i o d ,  1805  -  1 8 15 , in v o l v e d  G eneva, A m erica  
and F r a n c e .
The se c o n d  p e r i o d ,  1837 -* 1850* i n v o lv e d  Gas co n ey ,
I t a l y  and A m erica .
The t h i r d  p e r io d ,  I 85U -  1875* in v o l v e d  Sweden, Germany, 
R u s s ia ,  G reece ,  I r e l a n d  and A m erica .
The f o u r t h  p e r io d ,  1876 -  1886 , in v o lv e d  Cape Town, 
P olan d  and E ngland .
To t h e s e  f o u r  p e r io d s  S i r  Humprey R o l l e s t o n  (1 9 1 9 )  added  
a f i f t h ,  s t a r t i n g  i n  1902 and c o n t in u in g  to  th e  p r e s e n t  day.
The f i r s t  o u tb r e a k  i n  th e  U n i t e d  Kingdom o c c u r r e d  i n  
I r e l a n d ,  i n  th e  B e l f a s t  and D u b l in  w orkhouses i n  th e  y e a r  181+6, 
f o l l o w e d  i n  th e  y e a r  1866 by an e p id e m ic  i n  D u b l in  o f  a more 
v i r u l e n t  ty p e .
S c o t la n d  e n jo y e d  im m unity  u n t i l  th e  y e a r  1877 -  78 when 
t h i r t y  f o u r  c a s e s  o c c u r r e d  i n  Dundee which w ere r e p o r t e d  o n  by  
Dr. MacLagen i n  1 8 8 6 .  K ilm arnock  had a s l i g h t  o u tb r e a k  i n  
1881+, b u t  t h e r e  was no m ajor o u tb r e a k  u n t i l  th e  b e g in n in g  o f  
t h i s /
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t h i s  c e n t u r y ,  when s i m u l t a n e o u s l y  w i th  th e  o u tb r e a k  i n  B e l f a s t  
o f  1906-7*  c a s e s  o c c u r r e d  i n  G lasgow .
The c a s e s  i n  t h i s  e p id e m ic  ap p eared  a t  f i r s t  i n  a 
s p o r a d ic  manner, and i t  was n o t  u n t i l  th e  f o l l o w i n g  S p r in g ,  
when c o n d i t i o n s  were f a v o u r a b le  f o r  d i s s e m in a t i o n ,  t h a t  th e  
d i s e a s e  assumed e p id e m ic  p r o p o r t io n s .  A c c o r d in g  to  C u r r ie  and 
M acgregor (1 9 0 8 )  th e  f i r s t  c a s e  was a d m it te d  to  a G lasgow  F e v e r  
H o s p i t a l  in .  May, 1 9 0 6 , and from th e n  on  t h e y  o c c u r r e d  a t  a b o u t  
th e  r a t e  o f  one  c a s e  p e r  m onth. D u rin g  th e  f i r s t  s i x  months  
o f  1908 e i g h t  hundred and two c a s e s  w ere r e g i s t e r e d ,  b u t  th e  
e p id e m ic  waned i n  th e  s e c o n d  h a l f  when o n ly  o n e  hundred and 
n i n t y  s i x  c a s e s  w ere r e p o r t e d .
F o l lo w in g  t h i s  main o u tb r e a k ,  s p o r a d ic  e p id e m ic s  
o c c u r r e d  up and down th e  c o u n tr y ,  and i n  v ie w  o f  i t s  p r e v a l e n c e  
and i n f e c t i v i t y  i t  was d e c id e d  i n  1912 to  make n o t i f i c a t i o n  
com pulsory* In  th e  r e s u l t ,  an a c c u r a t e  r e c o r d  o f  th e  i n c i d e n c e  
o f  the  d i s e a s e  i n  su b se q u e n t  y e a r s  i s  a v a i l a b l e .  The r e t u r n  
o f  th e  R e g i s t r a r  G e n e r a l  shows t h a t ,  a f t e r  an  a b ru p t  r i s e  from  
300 o r  UOO c a s e s  i n  each  o f  th e  y e a r s  1913  and 191U to  an 
a v e r a g e  com bined s e r v i c e  and c i v i l i a n  f i g u r e  o f  n e a r ly  2 ,5 0 0  
c a s e s  a n n u a l ly  d u rin g  th e  war y e a r s ,  t h e  e p id e m ic  p r e v a l e n c e  
g r a d u a l ly  d im in is h e d ,  u n t i l ,  by 1 9 2 1 , t h e y  had r e v e r t e d  to  
p rew ar l e v e l .  S in c e  th e n  h ow ever , t h e r e  h a s  b e e n  a g r a d u a l  
though  n o t  c o n t in u o u s  i n c r e a s e ,  and t h e  same te n d e n c y  h a s  b e e n  
o b s e r v e d /
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o b s e r v e d  i n  o t h e r  European c o u n t r i e s .  I n  1939 t h e r e  was a g a in  
a marked i n c r e a s e  i n  th e  numbers, w hich  r e a c h e d  e p id e m ic  
p r o p o r t io n s  b y  1 9 *4-0 .
The im p o r ta n c e  o f  th e  '’c a r r i e r " ,  com bined w i t h  o v e r ­
cro w d in g  and u n h y g e n ic  s u r r o u n d in g s ,  i n  f a v o u r in g  t h e  s p r e a d  o f  
t h e  d i s e a s e  was r e a l i s e d  a t  a f a i r l y  e a r l y  date* F lu g g e  i n  
1906 fou nd  t h a t  70 p e r  c e n t  o f  th e  p e o p le  i n  c l o s e  p r o x i m i t y  to  
a c a s e  h arb ou red  the org a n ism  i n  th e  n a so p h a ry n x , b u t  few  o f  
t h e s e  c a r r i e r s  d e v e lo p e d  th e  d i s e a s e .  D u r in g  1915* 690 c a r r i e r s  
were r e p o r t e d  to th e  M e d ic a l  R e se a r c h  C om m ittee and o f  t h e s e  
o n l y  two d e v e lo p e d  t h e  d i s e a s e *  Y et  th e  im p o r ta n c e  o f  th e  
c a r r i e r  i n  s p r e a d in g  th e  d i s e a s e  i s  i l l u s t r a t e d  a g a in  and a g a in  
i n  d i f f e r e n t  e p id e m ic s .  F or  exam ple , R e e c e  w r i t i n g  on  t h e  191*4- 
e p id e m ic ,  s t a t e d  t h a t  th e  f i r s t  c i v i l i a n  c a s e  to  o c c u r  i n  t h i s  
c o u n tr y  was t h a t  o f  a n u r se  known to have b e e n  i n  th e  company o f  
a C anadian  s o l d i e r  who, on  b e in g  swabbed, p r o v e d  to be a . c a r r i e r .  
(Q uoted  from W o r s te r -D r o u g h t  and Kennedy 1 9 1 9 ) •  A g a in ,  C halm ers  
(1 9 3 0 )  w r i t i n g  o n  the e p id e m ic  o f  1 9 0 6 , s t a t e s  t h a t  t h e  d i s e a s e  
would appear to  h a v e  b e e n  p r o p a g a te d  among h e a l t h y  c a r r i e r s  so  
t h a t  when th e  c l i m a t i c  c o n d i t i o n s  f a v o u r a b le  f o r  p r o m o tin g  c a t a r r h a l  
c o n d i t i o n s  and c r e a t i n g  p r e s s u r e  on  h o u se  room r e c u r r e d  i n  th e  
l a t e r  w in t e r  m onths, r e c u r r e n c e s  o f  th e  d i s e a s e  i n  i n d i v i d u a l  
wards became fr e q u e n t*
I t  i s  a p p a r e n t  from th e  s t a t i s t i c s  o f  t h e  e a r l i e r  
e p i d e m i c s /
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e p id e m ic s  t h a t  c e r e b r o s p i n a l  f e v e r  was a d i s e a s e  o f  a  
f a t a l  n a tu r e  w hich d id  n o t  r e a d i l y  r e sp o n d  t o  t r e a tm e n t  and 
i t  was n o t  u n t i l  th e  c l o s i n g  y e a r s  o f  l a s t  c e n t u r y ,  and th e  
b e g in n in g  o f  t h i s ,  t h a t  a d v a n ces  i n  th e r a p y  were made. The 
b e n e f i c i a l  e f f e c t  o f  lumbar p u n c tu r e  as  a t h e r a p e u t i c  m easu re  
was r e c o g n i s e d  d u rin g  th e  e p id e m ic  i n  P o r t u g a l  o f  1901-03#  
However, i t  was n o t  u n t i l  F l e x n e r  and Jochmann, two in d e p e n d a n t  
w o rk ers ,  i n  1905  p ro d u ced  a serum h a v in g  a b a c t e r i c i d a l  e f f e c t  
on  th e  m e n in g o co c cu s  t h a t  th e  f i r s t  r e a l  ad van ce  was made.
F le x n e r ,  i n  a r e p o r t  on  129U serum t r e a t e d  c a s e s ,  s t a t e s  
t h a t  h e  had U00 d e a t h s ,  a f a t a l i t y  r a t e  o f  30 p e r  c e n t .  He 
a d v o c a te d  the  e a r l i e s t  p o s s i b l e  u s e  o f  serum f o l l o w i n g  d i a g n o s i s ,  
and h i s  r e s u l t s  showed t h a t  when serum  was i n j e c t e d  i n t r a t h e c a l l y  
w i t h i n  th e  f i r s t  th r e e  days th e  m o r t a l i t y  r a t e  f e l l  t o  18 p e r  
c e n t .  B etw een  th e  n th  and 7 t h  d a y s ,  i t  was fou nd  to  b e  27 p e r  
c e n t  and when l a t e r  th an  "this d a t e  p e r  c e n t .
I t  was hoped t h a t  r e s u l t s  i n  t h i s  c o u n tr y  would be  
e q u a l l y  good b u t  th e y  v a r ie d  to  a v e r y  g r e a t  e x t e n t  and w ere o n  
th e  w h o le  d i s a p p o i n t i n g ,  C u r r ie  and M acgregor (1 9 0 8 )  d u r in g  
th e  1 9 0 6 -0 8  G lasgow  e p id e m ic  t r e a t e d  105  c a s e s  w i th  serum and 
205 w i th o u t  serum. The m o r t a l i t y  r a t e  f o r  th e  s e r u m - t r e a t e d  
was 61|..8 p e r  c e n t  and f o r  th e  n on -seru m  79# 5 p e r  cent*  T h e ir  
c o n c l u s i o n s  were t h a t  s e r u m -th e r a p y  d id  n o t  h a v e  any marked  
r e s u l t s  o v e r  th e  f i r s t  10 days o f  i l l n e s s ,  b u t  f o l l o w i n g  on  
t h i s /
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t h i s  p e r i o d  th e  s e r u m - t r e a t e d  e a s e s  d id  h ave  a b e t t e r  ch an ce  
o f  l i f e .  They b e l i e v e d  t h a t  s e r u m -th e r a p y ,  a l th o u g h  f a i l i n g  
to  a v e r t  th e  d i s e a s e ,  hampered i t s  xorogress  by a i d i n g  t h e - 
n a t u r a l  d e f e n c e s  o f  th e  body and d i s c o u r a g i n g  th e  f o r m a t io n  o f  
e x u d a te s  which m ig h t  r e t a r d  r e c o v e r y .  D u r in g  th e  1 9 1 5  e p id e m ic ,  
d i s a p p o i n t i n g  r e s u l t s  were a g a in  o b t a in e d .  S u r g e o n  G e n e r a l  
H o l i e s t o n  (1 9 1 5 )  i n  a s e r i e s  o f  s e r u m - t r e a t e d  c a s e s  fo u n d  t h a t  h i s  
m o r t a l i t y  r a t e  was 6 1 p e r  c e n t  and F o s t e r  and G a s k e l l  i n  a 
s i m i l a r  s e r i e s  had a m o r t a l i t y  r a t e  o f  55 p e r  cen t*
H o l i e s t o n ’ s  f i g u r e s  w ere a s  f o l l o w s
G a s e s * D e a th s .
70 60 p e r  c e n t .
2k  58 " "
11 72  " »»
I n  1 9 1 5  Gordon d i s c o v e r e d  t h a t  t h e r e  were f o u r  t y p e s  
o f  m e n in g o c o c c i  and made t h e i r  r e c o g n i t i o n  p o s s i b l e  by means 
o f  s p e c i f i c  a g g l u t i n a t i n g  sera *  T h ese  t y p e s  were u s e d  f o r  th e  
p r o d u c t io n  o f  immune s e r a .  S u b se q u e n t  work showed t h a t  t h e s e  
groups d id  n o t  embrace a l l  m e n in g o c o c c i  and a l s o  t h a t  c r o s s  
a g g l u t i n a t i o n  o c c u r r e d .  The d i f f e r e n t i a t i o n  o f  the  ty p e  was 
n o t e a s y ,  as  th e  a g g l u t i n a t i o n s  were d i f f i c u l t  to  p e r fo r m , and 
s a t i s f a c t o r y  s u s p e n s i o n s  d i f f i c u l t  to  o b t a i n .  When th e  t y p e  o f  
m en in g o co c cu s  was known th e  u n i v a l e n t  serum as p o i n t e d  o u t  by  
Banks ( 1 9 3 1 ) g ave  good r e s u l t s  and t h i s  was p a r t i c u l a r l y  the  
c a s e /
1 s t  to  3 rd days  
h t h  to 7 th  days  
l a t e r  th a n  7 th
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c a s e  w i t h  Group 1*
I t  was g e n e r a l l y  a c c e p t e d  t h a t  th e  f a i l u r e  o f  serum  
th e r a p y  a r o s e  from  th e  d i f f i c u l t y  o f  p r e p a r in g  a p o t e n t  
a n t is e r u m  f o r  th e  d i f f e r e n t  s t r a i n s  o f  t h e  m en in g o co c cu s  
o c c u r r i n g  i n  th e  e p id e m ic s .  Thus Underwood (1 9 3 2 )  w r i t i n g  
o f  th e  ep id e m ic  i n  Rotherham i n  1931 s t a t e s : -  
”The g r e a t  drawback to  t r e a tm e n t  d u r in g  t h i s  o u tb r e a k  was 
th e  i m p o s s i b i l i t y  o f  o b t a i n i n g  a p o t e n t  a n t i - s e r u m ,  due o f  
c o u r s e ,  to  th e  f a c t  t h a t  th e  s e r a  u se d  f o r  some m onths a f t e r  
th e  s t a r t  o f  an e p id e m ic  must be p r e p a r e d  from  i n t e r - e p i d e m i c  
s t r a i n s  w hich o f t e n  d i f f e r  m a rk ed ly  from  t h o s e  a c t u a l l y  
p r e v a l e n t  d u r in g  th e  e p id e m ic ” .
P e r r y ,  N o r to n  and S t e e l e  (1 9 3 1 )  fou nd  t h a t  f i l t r a t e  
from young c u l t u r e s  o f  t h e  h r e c o g n i s e d  Gordon t y p e s  c o n t a in e d  
e x t r a - c e l l u l a r  t o x i n  s p e c i f i c  to  th e  k  t y p e s ,  a s  w e l l  as  s t r a i n s ,  
common to a l l .  Thus a n im a ls  i n j e c t e d  w ith  th e  t o x i n  d e v e lo p e d  
s p e c i f i c  a n t i t o x i n s .  P e r r y  c o n s id e r e d  t h a t  th e  t o x i n s  w ere  
l a r g e l y  r e s p o n s i b l e  f o r  th e  sym ptom s o f  c e r e b r o s p i n a l  m e n i n g i t i s  
and by the i n t r a t h e c a l  i n j e c t i o n  o f  th e  t o x i n s  i n  monkeys g a v e  
r i s e  to  symptoms s i m i l a r  to  t h o s e  r e s u l t i n g  from  th e  i n j e c t i o n  
o f  l i v i n g  c o c c i .  T hese  symptoms were m o d i f i e d  b y  a d d in g  th e  
c o r r e s p o n d in g  a n t i - t o x i n  to  th e  t o x i n  b e f o r e  i n j e c t i o n .
In  1933 a number o f  c a s e s  w ere t r e a t e d  i n  t h e  London  
C ounty C o u n c i l  H o s p i t a l  w ith  P e r r y * s  m e n in g o c o c c a l  a n t i t o x i n  
and t h e s e  h ave  b e e n  r e p o r t e d  by Banks (1 9 3 5 )*  ^  & s e r i e s
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o f  25 c a s e s  th e  f a t a l i t y  r a t e  was s l i g h t l y  b e t t e r  than the  
s ta n d a rd  f a t a l i t y  r a t e  o f  3 0 .9  p e r  c e n t  g iv e n  by F le x n e r  f o r  
h i s  s e r i e s  o f  c a s e s  up to  1913* The c o n c lu s io n  drawn by Banks 
was t h a t ,  th e  m e n in g o c o c c a l  a n t i - t o x i n  p rep a red  by u s in g  as  
a n t ig e n s  s o l u b l e  t o x i n s  o f  ty p e  1, 2, 3> k? m e n in g o c o c c i ,  
appeared to  be  p a r t i c u l a r l y  p o t e n t  f o r  ty p e s  1 and 3*
Walsh (1 9 3 8 )  how ever, rev ie w e d  23* 683 Am erican c a s e s  
o c c u r r in g  b etw een  1920 and 1938 and co n c lu d ed  t h e r e  was no 
e v id e n c e  th a t  th e  u s e  o f  serum had lo w ered  th e  f a t a l i t y  r a t e  
i n  r e c e n t  y e a r s .
Thus se ru m -th era p y  was n o t  a s u c c e s s  and i t  was l e f t  
to chem otherapy to  open a new e r a  i n  th e  t r e a tm e n t  o f  t h i s  
d e a d ly  d i s e a s e ,
CHEMOTHERAPY*
The f i r s t  worker i n  th e  s c i e n c e  o f  chem otherapy was 
E h r l ic h  who commenced i n  1902+ a s e a r c h  f o r  a drug to cu re  
s y p h i l i s .  In  th e  same y e a r  Koch a ttem p ted  to  cure  s e p t ic a e m ia  
by the in tr a v e n o u s  i n j e c t i o n  o f  d ru g s , but t h i s  was n o t  
s u c c e s s f u l .  R esea rch  on t h e s e  l i n e s ,  how ever d ev e lo p ed  fo r  
the  n e x t  f o r t y  y e a r s  u n t i l  i n  1935 i t  was found t h a t  th e  
su lphonam ide group, a lth o u g h  weak d i s i n f e c t a n t s  i n  v i t r o  had a 
v e r y  good p r o t e c t i v e  a c t i o n  i n  vivo* Domagk th en  d is c o v e r e d  
t h a t  th e  dye p r o n t o s i l  r e d  p r o t e c t e d  m ice  a g a i n s t  l a r g e  d o se s  
o f  h a e m o ly t ic  s t r e p t o c o c c i ,  and t h a t  i t  had a c u r a t iv e  e f f e c t
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i n  such  i n f e c t i o n s .  T h is  was f o l l o w e d  by T r e fo u e l ,  H i t t i  and 
B o v et ,  show in g  t h a t  s u lp h a n i la m id e  produced  a s i m i l a r  a c t i o n  and 
b e in g  a s im p le r  d e r i v a t i v e  was more a d v an tageou s  to  u se  than  the  
more i n e r t  s u b s t a n c e s .
B u t t l e  and h i s  co -w o rk ers  (1936)? and Proom (1937)?  
d em onstrated  the p r o t e c t i v e  and c u r a t i v e  e f f e c t  o f  su lp h an ­
i la m i de i n  the  tr e a tm e n t  o f  m e n in g o c o c c a l  i n f e c t i o n s  i n  m ic e .
The f o l l o w i n g  y e a r  Roche and McSweeney (1 9 3 9 )  i n  D u b lin  
s t a r t e d  to  t r e a t  c a s e s  w ith ,  p r o n t o s i l  album o r a l l y ,  s o l u s e p t a s i n e  
in t r a m u s c u la r ly ,  and serum i n t r a t h e c a l l y ;  t h e i r  m o r t a l i t y  r a te  
i n  a s e r i e s  o f  52 c a s e s  was 5 7 * pe n c e n t ,
Crawford and F lem in g  (19 3 8 )  r e p o r te d  a s e r i e s  o f  10 
c a s e s  which th e y  had t r e a t e d  w ith  p r o n t o s i l  album, o r a l l y ,  
in t r a m u s c u la r ly ,  and i n t r a t h e c a l l y ,  and th e y  had o n ly  one d ea th .  
Banks (1 9 3 6 )  r e v ie w e d  a s e r i e s  o f  113 c a s e s  o f  which 38 
were t r e a t e d  w ith  in tr a v e n o u s  and i n t r a t h e c a l  serum, 59 w ith  
seru m  and su lp h a m ila m id e ,  and 16 w ith  s u lp h a n i la m id e  a lo n e .
H is  f a t a l i t y  r a t e  i n  those, t r e a t e d  e n t i r e l y  w ith  serum was 16 
p e r  c e n t ,  and the  c e r e b r o s p in a l  f l u i d  was found to  be s t e r i l e  
i n  th e  m a j o r i t y  o f  c a s e s  w i t h in  2U to  U8 h o u rs .
The f a t a l i t y  r a t e  i n  th e  serum and s u lp h a n i la m id e  
t r e a t e d  was l e s s  b e in g  1 1 ,8  p e r  c e n t ,  and th e  f l u i d  s t e r i l e  i n  
2k h o u r s .  In  th e  16 c a s e s  t r e a t e d  e n t i r e l y  w ith  su lp H a n ila m id e  
th e r e  was o n ly  one  d ea th .
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l n  1938 S m ith , Maxson and Murphy i n  a s e r i e s  o f  157 
su lp h a n i la m id e  and in tr a v e n o u s  a n t i t o x i n  t r e a t e d  c a s e s  had a 
death  r a t e  o f  about 1 2 , 5  p e r  c e n t  which was lo w e r  by about 25  
p e r  c e n t  th an  when i n t r a t h e c a l  serum and s u lp h a n i la m id e  was 
g iv e n ,  E ld h a l  ( 1 9 3 8 ) t r e a t e d  12 c a s e s  o f  m en in g o co c ca l  m eningitis  
i n  c h i ld r e n  under k  y e a r s  o f  age w ith  i n t r a t h e c a l  and intramuscular  
i n j e c t i o n s ,  o f  a 5 p e r  c e n t  s o l u t i o n  o f  s u lp h a n i la m id e .  The 
amount i n j e c t e d  i n t o  the s p i n a l  c a n a l  b e in g  from 5 to 30 cc ,  
a c c o r d in g  to th e  amount o f  c e r e b r o s p in a l  f l u i d  withdrawn. The 
m o r t a l i t y  r a t e  was 18 p e r  c e n t  as compared to h i s  p r e v io u s  r a t e  o f  
70 p e r  c e n t  f o r  c h i l d r e n  o f  th e  same age  group w ith  o t h e r  form s o f  
tr e a tm e n t ,
Hobson and McQuaide (1 9 3 8 )  i n  an i n v e s t i g a t i o n  f o r  a drug  
o f  low t o x i c i t y  b u t w ith  a b a c t e r i o s t a t i c  power eq u a l  to  o r
g r e a t e r  than  t h a t  o f  s u lp h a n i la m id e ,  e a s i l y  a t t a i n e d  by o r a l  o r  
p a r e n t r a l  a d m in is t r a t io n ,  s e l e c t e d  s u lp h a p y r id in e  which a c c o r d in g  
to W hitby, (1 9 3 8 )  was shown to  have a b a c t e r i o s t a t i c  a c t i o n  on the 
m eningococcus eq u a l to t h a t  o f  s u lp h a n i la m i de, W ein had a l s o  
shown, t h a t  i n  m ice and r a t s ,  t h i s  drug had a q u a r te r  o f  
the t o x i c i t y  o f  s u lp h a n i la m i de, and d id  n o t  prod u ce  porphyr in u r e a  
o r  o t h e r  drug changes i n  th e  h a e m o p o ie t ic  system  w hich were 
a s s o c i a t e d  w ith  s u lp h a n i la m id e .
In  t h e i r  i n v e s t i g a t i o n  Hobson and McQuaide (1 9 3 8 )  found  
t h a t  th e  s u lp h a p y r id in e  p a s s e d  r a p id ly  from th e  b lo o d  stream  in t o
th e  c e r e b r o s p in a l  f l u i d  where i t  was found i n  a p p r o x im a te ly  50
p e r  c e n t  o f  th e  b lo o d  c o n c e n t r a t io n .
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E f f e c t i v e  b a c t e r i o s t a s i s  was a c h ie v e d  by a c o n c e n t r a t io n  
o f  n o t  more than 3 mgm pe** 100 p p . ,  which co u ld  be o b ta in e d  
r e a d i l y  by the a d m in i s t r a t io n  o f  s m a l le r  d o se s  than  would be 
r e q u ir e d  f o r  s u lp h a n i la m id e .  I t  a l s o  had a b e n e f i c i a l  a c t i o n
i n  pneum ococcal i n f e c t i o n s ,  S u lp h a n ila m i de r e q u ir e s  a l e v e l
i n  the body f l u i d s  o f  5~10 mgm p e r  100 c p . ,  to be e f f e c t i v e  
which demands th e  t a k in g  o f  l a r g e  d o s e s ,
Som ers, (1 9 3 9 )  d u r in g  an ep id em ic  i n  the Sudan, r e p o r te d  
t h a t  he had t r e a t e d  143 c a s e s  o f  m e n in g o co c ca l  m e n in g i t i s  s o l e l y  
w ith  sm a ll  d o se s  o f  s u lp h a p y r id in e  and h i s  m o r t a l i t y  r a t e  f e l l  
to  10 p e r  c e n t .  In  a l l  c a s e s  the drug was a d m in is te r e d  
i n t r a t h e c a l l y  and a l s o  e i t h e r  i n t r a p e r i t o n e a l l y  o r  in tr a m u s c u la r ly ,  
B ryant and F a irm a n  (1 9 3 9 )  working under s im i l a r  
c o n d i t io n s  t r e a t e d  a s e r i e s  o f  168 c a s e s ,  w ith  M & B 693* and 
had o n ly  8 d e a th s .
In  1943 and 1944  two l a r g e  s c a l e  s t u d i e s  were made on  
the  tr e a tm e n t  o f  C erebro-sp inal F e v er ,  one i n  S c o t la n d  and th e  
o th e r  i n  England and W ales, The S c o t t i s h  one was made by the  
S c i e n t i f i c  A d v iso r y  Committee o f  th e  Department o f  H e a lth  i n  
which 2 ,2 2 3  c a s e s  r e c e iv e d  by 7 h o s p i t a l s  i n  1938 to  1941 were  
r ev iew ed . In  th e  secon d , B eeso n  and Westerman (1 9 4 3 )  a n a ly sed  
3*375 c a s e s  r e p o r te d  by more th an  100 H o s p i t a l s  to  th e  M in is tr y  
o f  H e a lth  d u r in g  1939-41# Both su r v e y s  in c lu d e d  th e  e p id e m ic  
o f  1940 . The g i s t  o f  t h e i r  f i n d i n g s  was t h a t  su lphonam ides  
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had m a t e r i a l l y  red u ced  the c a se  f a t a l i t y ,  t h a t  n o th in g  was 
to  be e x p e c te d  from s e r o th e r a p y  as an a d ju v a n t  to  chem otherapy  
and t h a t  b i g  d o se s  and e a r l y  a d m in i s t r a t io n  o f  su lphonam ides  
were l e s s  im p o r ta n t  than t h e  h o s t  f a c t o r ,  p a r t i c u l a r l y  th e  
p a t i e n t ’ s  age , i n  d e te r m in in g  the outcom e.
The p a t i e n t s  t r e a t e d  w ith  s u lp h a p y r id in e  f a r  o u t ­
numbered th o s e  t r e a t e d  w ith  o t h e r  d ru gs, o f  which s u lp h a n i la m id e  
and s u l p h a t h i a z o l e  were the  c h i e f .  In  S c o t la n d  a s u f f i c i e n t  
number were t r e a t e d  w ith  th e  l a s t  two drugs to  e n a b le  some 
com parison  to be made* R a th e r  s u r p r i s i n g l y  i t  was found t h a t  
s u lp h a n i la m id e ,  o f  which th e  b a c t e r i o s t a t i c  power was s a i d  to  
b e the l o w e s t ,  produced  tile  b e s t  r e s u l t s  as  judged b y  f a t a l i t y  
r a t e  and l e n g t h  o f  s t a y  i n  h o s p i t a l ,  b u t  gave th e  h i g h e s t  number 
o f  c o m p l ic a t io n s .
MORTALITY.
From the h i s t o r i c a l  acco u n t i t  can  be s e e n  th a t  
c e r e b r o s p in a l  f e v e r  from th e  t im e  i t  was f i r s t  r e c o g n is e d  has  
had the r e p u t a t io n  o f  b e in g  a s i n g u l a r l y  f a t a l  d i s e a s e ,  and y e t  
the  s e v e r i t y  v a r ie d  i n  th e  d i f f e r n t  e p id e m ic s .  I t  was shown 
t h a t  an ep idem ic  may be h i g h l y  v i r u l e n t  i n  one l o c a l i s e d  are -., 
while n ea rb y , th e  d i s e a s e  may be ep id em ic  b u t  o f  a more b e n ig n  
ty p e .  Walsh (1 9 3 8 )  i n  A m erica r e c o r d in g  the e x p e r ie n c e  o f  
20 , 0 0 0 ,0 0 0  urban d w e l l e r s  found t h a t  i n  th e  p e r io d  1920 -3 6  the  
f a t a l i t y /
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f a t a l i t y  r a t e  v a r i e d  i n  the d i f f e r e n t  m u n i c i p a l i t i e s  from  
67*7 Pe r  c e n t  to  3 8 .1  p e r  cent*
The d e g r e e  o f  s e v e r i t y  o f  th e  i n f e c t i o n  i s  o f  
im p o rta n ce .  The m ost s e v e r e  c a s e s  a re  g e n e r a l l y  a t  the s t a r t  
o f  an ep id em ic  t a p e r in g  o f f  tow ards the  end. The s p o r a d ic  
typ e  o f  c a s e  i s  a s  a r u l e  m i ld e r  than  t h o s e  o c c u r r in g  i n  an 
ep id e m ic .
The age o f  th e  p a t i e n t  i s  o f  paramount im p o rta n ce ,  and 
i t  h a s  b een  found t h a t  th e  f a t a l i t y  r a t e  i s  h i g h e s t  a t  th e  
ex trem es  o f  l i f e ,  a f a c t  which chem otherapy has n o t  a l t e r e d .
For i n f a n t s  o f  on e  y e a r  o f  age  the  f a t a l i t y  r a t e  has b een  
found t o  be s i x  t im es  as g r e a t  as t h a t  i n  young a d u l t s ,  and 
f o r  p e o p le  o v e r  t h e  age o f  60 , t e n  t im es  as  g r e a t .
The s e x  o f  th e  p a t i e n t  has b e e n  shown to  have no 
i n f l u e n c e  on  th e  in c id e n c e  o f  f a t a l  c a s e s .
W ith regard  to the d u r a t io n  o f  i l l n e s s  b e fo r e  a d m is s io n  
to  h o s p i t a l ,  i t  has b een  found by th e  S c o t t i s h  S c i e n t i f i c  
A d v iso r y  Com m ittee, from t h e i r  r e c e n t  l a r g e  s c a l e  s u r v e y  i n  19h-U, 
th a t  th e  d u r a t io n  o f  i l l n e s s  b e f o r e  a d m is s io n  t o  h o s p i t a l  and 
th e  i n s t i t u t i o n  o f  th e r a p y  was o f  seco n d a r y  im p ortan ce  i f  th e  
d e la y  d id  n o t  e x c e e d  one week.
The f a t a l i t y  r a t e s  i n  Glasgow f o r  c e r e b r o s p in a l  f e v e r  
from 1911 to 19U4 have been  ch a r te d  on  the  o p p o s i t e  p age , (S ee  
F i g .  I  o p p . ) .  The marked d e c r e a s e  which o c c u r r e d  i n  1938 and 
1 9 3 9 /
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1939 onwards c o rresp o n d s  w ith  the i n t r o d u c t i o n  o f  the  
su lp h o n a m id es .
PENICILLIN.
With the in c r e a s e  i n  th e  q u a n t i t y  o f  P e n i c i l l i n  
r e l e a s e d  f o r  g e n e r a l  u s e ,  and th e  v e r y  fa v o u r a b le  r e p o r t s  
which were fo r th c o m in g  on th e  r e s u l t s  o b ta in e d  from i t s  u s e s  
i n  o t h e r  forms o f  i n f e c t i o n ,  i t  was d e c id e d  to t r y  i t s  e f f e c t ,  
i n  th e  t r e a tm e n t  o f  m e n in g o c o c c a l  m e n in g i t i s .  The g r e a t e s t  
s u c c e s s  was o b t a in e d  i n  th e  tr e a tm e n t  o f  Gram p o s i t i v e  
org a n ism s b u t  i t s  b a c t e r i o s t a t i c  e f f e c t  on th e  m en in gococcu s  
had a lr e a d y  b e e n  p ro v ed  by F lem in g  and o t h e r  w orkers . In  
th e  f o l l o w i n g  p a g e s  a b r i e f  resume' o f  th e  h i s t o r y  and r e l e v a n t  
f i n d i n g s  a re  g iv e n .
P r o f e s s o r  F lem in g  (1 9 2 9 )  n o te d  t h a t  a mould p roduced  
a s u b s ta n c e  which i n h i b i t e d  th e  grow th, i n  p a r t i c u l a r ,  o f  
s t a p h y l o c o c c i ,  s t r e p t o c o c c i ,  g o n o c o c c i ,  m en in g o co c c i  and th e  
C oryn eb acter iu m  d ip h th er iae .  He s u g g e s t e d  i t s  u s e  as  an  
i n h i b i t o r  i n  th e  i s o l a t i o n  o f  c e r t a i n  t y p e s  o f  b a c t e r i a  
e s p e c i a l l y  H. i n f  lu e n z a e .  He a l s o  n o te d  t h a t  th e  i n j e c t i o n  in t o  
a n im a ls  o f  b r o th  c o n t a in in g  th e  s u b s ta n c e  was no more t o x i c  than  
th e  same q u a n t i t y  o f  b r o th  u se d  f o r  growing th e  mould and t h a t  
i t  m igh t b e  a u s e f u l  a n t i s e p t i c  f o r  a p p l i c a t i o n  to  i n f e c t e d  
wounds.
T h e /
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The mould from which th e  s u b s ta n c e  was o b ta in e d  was 
P e n i c i l l i u m  notaturn. I t  i s  a s p e c i e s  o f  the  common genus  
P e n i c i I l i u m  which o c c u r s  w id esp r ea d  on o r g a n ic  m a t e r i a l .  I t  
r o t s  f r u i t ,  a t t a c k s  m eat and v e g e t a b l e s  and i s  used  i n  
in d u s t r y  f o r  r i p e n in g  c h e e s e .  There a re  about one hundred  
s p e c i e s  known.
The g r o s s  appearance i s  t h a t  o f  a b l u i s h  g r e e n  mould 
l i k e  t h a t  s e e n  on S t i l t o n  c h e e s e  -  a s p e c i e s  o f  th e  same genus.  
The v e g e t a t i v e  m ycelium  c o n s i s t s  o f  a com plex netw ork o f  
b ra n c h in g  t h i n  w a l le d ,  s e p t a t e  hyphae# The c h a r a c t e r i s t i c  o f  
th e  genus i s  th e  p e n i c i l l u s  o r  a s e x u a l  r e p r o d u c t iv e  organ .  
P e n i c i l l i n ,  which i s  a com plex s u b s ta n c e  o f  unknown 
c h em ica l s t r u c t u r e  i s  o b ta in e d  from th e  mould. I t  o c c u r s  
n a t u r a l l y  as  an u n s t a b l e  a c id .  In  th e  form o f  a l k a l i n e  e a r th y  
s a l t s ,  i t  i s  s t a b l e  b e tw een  pH. 5 and 7 .  The p r e p a r a t io n s  
u se d  t h e r a p e u t i c a l l y  a r e  th e  ca lc iu m  and sodium  s a l t s .
The m o le c u le  i s  sm a l l  which may be th e  c a u se  o f  i t s  
r a p id  e x c r e t i o n .  P e n i c i l l i n  i s  s o l u b l e  i n  e t h e r ,  ch lo ro fo rm ,  
and amyl a c e t a t e .  The s a l t s  are e x tr e m e ly  s o l u b l e  i n  w a ter .
I t  i s  d e s tr o y e d  by d i l u t e  a c i d s ,  a l k a l i e s  and p r o lo n g e d  h e a t in g .  
I t  i s  i n a c t i v a t e d  by o x i d i s i n g  a g e n t s ,  p r o c a in e ,  h eavy  m e ta ls  
e s p e c i a l l y  z i n c ,  cadmium, cop p er  and m ercury, p r im ary  a l c o h o l s ,  
k e t o n ic  r e a g e n t s  and enzymes p roduced  by c e r t a i n  b a c t e r i a .
I n /
I n  th e  d r ie d  s t a t e  th e  a n t i - b a c t e r i a l  a c t i v i t y  rem ains  
undamaged f o r  a lo n g  t im e. A c t i v i t y  l a s t s  l o n g e r  at 
te m p era tu res  b e lo w  1 0 °C.
F lo r e y  and h i s  c o l l e a g u e s  (19U1) adopted  a u n i t  o f  
a n t i b a c t e r i a l  a c t i v i t y .  T h is  u n i t  was p u r e ly  a r b i t a r y  and 
c o rresp o n d ed  to  the p o te n c y  o f  a c e r t a i n  sample o f  c o n c e n tr a te d  
p e n i c i l l i n .  I t  ro u g h ly  co rresp o n d ed  (F lem in g  19L6) to  the  
amount o f  p e n i c i l l i n  which when d i s s o l v e d  i n  50 m i l l i l i t r e s  o f  
b r o th ,  would j u s t  i n h i b i t  th e  grow th  o f  th e  t e s t  s ta p h y lo c o c c u s ,  
and was known a s  th e  "Oxford U n it" ,  When more p e n i c i l l i n  was 
o b t a in e d  t h e  Oxford U n it  was e s t a b l i s h e d  as an I n t e r n a t i o n a l  
u n i t  c o n t a in in g  0 ,0 0 0 6  m ill igram m e o f  p u re  c r y s t a l l i n e  sodium  
s a l t  o f  p e n i c i l l i n  I I .
Pure p e n i c i l l i n  would have an a c t i v i t y  o f  about 1000  
u n i t s  p e r  m ill igram m e. Commercial p r o d u c ts  o f  th e  ty p e  u sed  
were o n ly  30 to 50 p e r  c e n t  p u re . The i m p u r i t i e s  c o n s i s t  
m a in ly  o f  p y r o g e n e s .
I t  h as  b e e n  shown by Abraham, Chain, and o t h e r  workers  
( 19L1 ) t h a t  i n  the p r e s e n c e  o f  p e n i c i l l i n ,  even  i n  low  
c o n c e n t r a t io n s ,  c e r t a i n  s p e c i e s  o f  b a c t e r i a  n o t  o n ly  cannot  
m u lt i p l y ,  b u t  s lo w ly  d ie .  T h is  e f f e c t  i s  e x e r t e d  as w e l l  
i n  serum , b lo o d  and even p u s ,  as i t  i s  i n  a s im p le  medium 
such  a s ,b r o t h .  I t  i s  in d e p e n d e n t  o f  th e  number o f  b a c t e r i a  
p r e s e n t .  Evei]/
Even i n  h ig h  c o n c e n t r a t io n  p e n i c i l l i n  has no e f f e c t  on th e  
l e u c o c y t e s *  In  c o n t r a s t  the su lp h an am ides  a r e  t o x ic  i n  h ig h  
c o n c e n t r a t io n ,  a c t  b e s t  i n  the p r e s e n c e  o f  a few  b a c t e r i a ,  and 
a re  i n h i b i t e d  by the  breakdown p r o d u c ts  i n  p u s . B ig g e r  ( l9 M i)  
p o in t e d  o u t  t h a t  p e n i c i l l i n  and su lp h on am ides  a c t i n g  t o g e th e r  
p rod u ced  an enhanced e f f e c t *
Most o f  th e  s u s c e p t i b l e  s p e c i e s  o f  b a c t e r i a  a r e  Gram 
p o s i t i v e .  They i n c lu d e  th e  th r e e  main p y o g e n ic  c o c c i  
( s t a p h y lo c o c c u s ,  pneum ococcus, and s t r e p t o c o c c u s  p y o g e n e s )  th e  
gas gan gren e group, 3* a n t h r a c is  and th e  C. d ip h t h e r ia e .
The o n ly  f u l l y  s u s c e p t i b l e  Gram n e g a t iv e  s p e c i e s  are  
N e i s s e r i a ,  th e  g o n ococcu s  and m en in gococcu s,
Among r e s i s t a n t  o rgan ism s a r e  th e  t u b e r c l e  b a c i l l u s  and 
a lm o s t  a l l  Gram n e g a t iv e  b a c i l l i  i n c l u d i n g  th e  c o l i - t y p h o id -  
d y s e n t e r y  group, th e  g en era  B r u c e l l a  and H aem ophilus, and two 
common in v a d e r s ,  B* p r o t e u s  and B. p y o cy a n eu s .
As reg a r d s  i t s  a b s o r p t io n  and e x c r e t i o n  i t  has b een  
found t h a t  p e n i c i l l i n  i s  absorbed  r a p i d l y  from m u sc le  and 
wounds, s l o w l y  from su b cu ta n eo u s  t i s s u e *  I t  i s  absorbed  from  
th e  s m a l l  i n t e s t i n e ,  b u t  n o t  from the  mouth o r  rectum*
A f t e r  in tr a m u s c u la r  i n j e c t i o n ,  as has b een  dem on strated  
by F lem in g  and o t h e r  w ork ers , (19U4) p e n i c i l l i n  c a n  be d e t e c t e d  
i n  th e  u r in e  a lm o s t  im m e d ia te ly  and p e r s i s t s  from 6 to  2t  h o u rs .  
There i s  an im m ediate  r i s e  i n  th e  b lo o d  c o n c e n t r a t io n  to  a peak ,  
f o l lo w e d  by a r a p id  f a l l .  They found t h a t  th e  tim e a t  which
p e n i c i l l i n /
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p e n i c i l l i n  d isa p p e a r e d  from the b lo o d  was as f o l l o w s : -
Intram us c u la r  Dose
15, 000
Time o f  D isa p p e a r a n c e * 
2 to  3 hours*
2 0 ,0 0 0 3 i t
5 0 ,0 0 0  
1 0 0 ,0 0 0
3 5 ,0 0 0 k  "
1+ to  * 5 ”
5 to 6 "
The maximum c o n c e n t r a t io n  w hich  F lem in g  o b t a in e d  i n
th e  b lo o d  a f t e r  1 5 ,0 0 0  u n i t s  i s  l e s s  than  a f t e r  1 0 0 ,0 0 0  u n i t s ,
and i t  i s  c l e a r  t h a t  i f  th e  i n t e r v a l  b etw een  th e  i n j e c t i o n s
" C  h£L
i s  k e p t  th e  same, th en  the l a r g e r  d o se ,  th e  h ig h e r  w i l l  be th e  
a v e r a g e  p e n i c i l l i n  c o n te n t  o f  th e  b lo o d .  I t  was found t h a t  
when s i n g l e  i n j e c t i o n s  were u sed  a b a c t e r i o s t a t i c  l e v e l  can be 
o b t a in e d  i n  the b lo o d  much more e c o n o m ic a l ly  by th e  u se  o f  
s m a l l e r  d o se s  l i k e  1 5 ,0 0 0  u n i t s  th an  w i t h  l a r g e r  d o se s  o f
1 0 0 .0 0 0  u n it s *  S i x  d o se s  o f  1 5 ,0 0 0  u n i t s  g iv e n  e v e r y  two 
h ours w i l l  c e r t a i n l y  m a in ta in  a b a c t e r i o s t a t i c  power i n  th e  
b lo o d  f o r  12 h o u r s ,  and t h i s  o n ly  makes 9 0 ,0 0 0  u n i t s ,  w hereas
1 0 0 .0 0 0  u n i t s  i n  a s i n g l e  d ose  w i l l  l a s t  o n ly  f o r  § o r  6 hours*
Rammelkamp and K e e fe r  ( I9 h 3 )  d em o n stra ted  t h a t  p e n i c i l l i n
d oes  n o t  p a s s  through the b l o o d - s p i n a l  f l u i d  b a r r i e r  i n  
s i g n i f i c a n t  q u a n t i t i e s  f o l l o w i n g  th e  in tr a v e n o u s  i n j e c t i o n  o f  
th e  s u b s ta n c e  i n  normal a d u lts*  S i m i l a r l y  H e r r e l l  ( l 9l|i|.), 
a f t e r  a d m in i s t e r in g  3 0 ,0 0 0  u n i t s  in t r a v e n o u s l y  to  a p a t i e n t
wi tiy'
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w ith  a h e a l t h y  c e n t r a l  nervou s  sy stem , was u n a b le  to d e t e c t  
any p e n i c i l l i n  i n  th e  f l u i d  removed t h i r t y  and s i x t y  m in u tes  
a f t e r  i n j e c t i o n .
McDermott and K e lso n  ( 19U-3) exam ined th e  c e r e b r o s p in a l  
f l u i d  o f  70 p a t i e n t s  a f t e r  th e  in tr a m u s c u la r  i n j e c t i o n  o f
3 0 0 ,0 0 0  u n i t s  o f  p e n i c i l l i n ,  and found t h a t  o n ly  a t r a c e  was 
p r e s e n t .
Rammelkamp and K e e fe r  (191+3) have shown t h a t  when 
p e n i c i l l i n  i s  i n j e c t e d  i n t r a t h e c a l l y  i t  i s  s lo w ly  absorbed  
from the  su b a ra c h n o id  sp a c e .  F o l lo w in g  th e  i n t r a t h e c a l  
i n j e c t i o n  o f  5 ,0 0 0  to 1 0 ,0 0 0  u n i t s  i t  co u ld  be d e t e c t e d  i n  the 
s p i n a l  f l u i d  31*5 h o u rs  a f te r w a r d s .  They found t h a t  the  r a te  
o f  a b s o r p t io n  i n  p a t i e n t s  s u f f e r i n g  from m e n in g i t i s  was g r e a t e r  
b u t  t h a t  th e  p e n i c i l l i n  c o u ld  s t i l l  be d e t e c t e d  2k hours l a t e r .  
With r e g a r d  to th e  e f f e c t  o f  d i s e a s e  on  th e  b lo o d - c e r e b r o s p in a l  
f l u i d  barrier^  R osen b erg  and S y l v e s t e r  (191+1+) have shown th a t ,  
p e n i c i l l i n  a d m in is te r e d  to p a t i e n t s  s u f f e r i n g  from  m e n in g i t i s  
e i t h e r  in t r a v e n o u s ly  o r  in tr a m u s c u la r ly  i n  ad eq u ate  dosage  
i s  e x c r e t e d  i n t o  t h e  c e r e b r o s p in a l  f l u i d .  The dosage th e y  
u se d  was from 2 0 ,0 0 0  to  1+0,000 F lo r e y  u n i t s ,  and from 60 to  
11+0 m in u tes  l a t e r  p e n i c i l l i n  was found i n  the s p i n a l  f l u i d  i n  
c o n c e n t r a t io n s  v a r y in g  from 0 .0 5  to 0 .3 5  u n i t s  p e r  c c .  These  
f i n d i n g s  were con firm ed  by Gooke and G-oldring (191+5)«
R osen b erg  and A r l in g ,  (191+2+) a f t e r  th e  tr e a tm e n t  o f  t h e i r  s e r i e s  
o f /
o f  c a s e s  o f  m e n in g o co c ca l  m e n in g i t i s  w ith  p e n i c i l l i n ,  a d v o ca te  
i t s  u s e  in tr a m u s c u la r ly  o r  i n t r a v e n o u s ly  i n  a d d i t i o n  to  
i n t r a t h e c a l  i n j e c t i o n *
A rem arkable f e a t u r e  o f  p e n i c i l l i n  i s  i t s  lo w  
t o x i c i t y  even  i n  h ig h  c o n c e n t r a t io n s  i n  the  human body, which  
i s  i n  c o n t r a s t  w ith  o t h e r  c h e m o th e r a p e u t ic  a g e n t s ,  m ost o f  
which r e q u ir e  to  be g iv e n  i n  d o se s  ap p roach in g  th e  t o x i c  l e v e l  
b e f o r e  th e  d e s i r e d  e f f e c t  i s  o b ta in e d .
F lo r e y  and h i s  c o l l e a g u e s  (191+1) d em on stra ted  t h i s  
l a c k  o f  t o x i c i t y  on the  l i v i n g  c e l l  i n  v i v o ,  on an im als  and 
i n  humans* He and J e n n in g s  (191+2) f u r t h e r  showed as  d id  a l s o  
Hamre and h e r  c o l l e a g u e s  (191+2) t h a t ,  t h e  h ig h e r  the  p u r i t y  
o f  a p e n i c i l l i n  p r e p a r a t io n  th e  lo w e r  was i t s  t o x i c i t y .  F lem in g  
and h i s  c o l l e a g u e s  (19UU) were ab le  to r a i s e  the  b lo o d  
c o n c e n t r a t io n  to  a l e v e l  1 ,0 0 0  t im e s  g r e a t e r  than  th a t  r e q u ir e d  
f o r  t h e r a p e u t i c  p u r p o se s ,  w ith o u t  th e r e  b e in g  any t o x i c  
m a n i f e s t a t i o n s .
The p e n i c i l l i n  m anufactured  i n  t h i s  co u n try  must p a s s  
a t o x i c i t y  t e s t  b e f o r e  b e in g  m arketed. The Pharm acopoeia  
r e q u ir e  th e  p e n i c i l l i n  s a l t s  to  have a p o te n c y  o f  n ot l e s s  
th an  300 u n i t s  p e r  m illigram m e and th e  T h e r a p e u t ic  S u b s ta n c e s  
A ct  f o r b id s  th e  i s s u e  o r  u se  o f  a p r o d u c t  o f  lo w e r  p o te n c y .
The p r o d u c ts  i s s u e d  by m a n u fa c tu rers  v a r y  i n  p o te n c y  
from 300 to  ab ou t 1 ,5 0 0  u n i t s  p e r  m ill igram m e. However th e  
l e t h a l  d ose  o f  the  p r o d u c ts  o f  d i f f e r e n t  m an u fa ctu rers  v a r i e s  
w id e ly .  W elch /
Welch and h i s  c o l l e a g u e s  (191+4) b e l i e v e d  t h a t  the t o x i c i t y  
w hich r e s u l t e d  from the u s e  o f  s a l t s  o f  a h ig h  d e g r e e  o f  
p u r i t y  was due a lm o st  e n t i r e l y  to th e  c a t i o n ,  and t h a t  p u re  
sodium p e n i c i l l i n  was s c a r c e l y  more t o x i c  th a n  sodium  
a c e t a t e  c o n t a in in g  the  same w e ig h t  o f  sodium .
One o f  th e  m ost f r e q u e n t  t o x i c  m a n i f e s t a t i o n s  was 
p a in  f o l l o w i n g  in tr a m u s c u la r  i n j e c t i o n .  This  has  b een  shown 
by H erw ick and h i s  c o l l e a g u e s  (1 9 4 5 )  to v a ry  i n v e r s e l y  w i t h  
th e  p u r i t y  o f  th e  s a l t  u se d .
An A m erican s u r v e y  (1 9 4 3 )  o f  500 c a s e s  r e p o r te d  l o c a l  
th r o m b o p h le b i t i s  as h a v in g  o c c u r r e d  i n  19 c a s e s  a f t e r  
in tr a v e n o u s  a d m in i s t r a t io n .  O ther t o x i c  r e a c t i o n s  r e p o r te d  
were u r t i c a r i a  i n  14  c a s e s ,  and i n  o t h e r s ,  m ild  c h i l l s  and 
f e v e r .
The m ost s e n s i t i v e  t i s s u e s  to im p u r i t i e s  i n  p e n i c i l l i n  
a r e  th o s e  o f  the c e n t r a l  n ervou s  sy s te m .
Rammelkamp and K e e fe r  (1 9 4 3 )  showed t h a t  the i n t r a t h e c a l  
i n j e c t i o n  o f  1 0 ,0 0 0  F lo r e y  u n i t s  i n  a normal p e r s o n  was fo l lo w e d  
by h ead ach e , v o m it in g ,  in c r e a s e d  i n t r a t h e c a l  p r e s s u r e  and 
p l e o c y t o s i s  i n  th e  s p i n a l  f l u i d .  In  s u b j e c t s  w ith  m e n in g i t i s  
th ey  found t h a t  no untoward symptoms were n o ted  f o l l o w i n g  the  
i n j e c t i o n  o f  3 ,0 0 0  to  1 0 ,0 0 0  u n i t s .  R osen b erg  and A r l in g  
( 1 9 4 4 ) n o ted  t h a t  th e  c a s e s  which had d o ses  up to 15>000 u n i t s  
o f  p e n i c i l l i n  i n t r a t h e c a l l y  o r  had t h e  d ose  r e p e a te d  e v e r y  
t w e l v e /
tw e lv e  hours had more s e v e r e  and p e r s i s t e n t  h e a d a c h e ,;  t h e i r  
f e v e r  was a l s o  more p r o lo n g e d  and the  s i g n s  o f  m e n in g i t i s  
r e t r a c t e d  s lo w ly .  The q u e s t io n  o f  th e  t o x i c i t y  o f  i n t r a t h e c a l  
p e n i c i l l i n  i s  d i s c u s s e d  more f u l l y  i n  a l a t e r  c h a p te r .
P r o f e s s o r  F lem in g  (1 9 4 3 )  was th e  f i r s t  to  t r e a t  a c a s e  
o f  m e n in g i t i s  w ith  p e n i c i l l i n .  The i n f e c t i n g  organ ism  was a 
s t r e p t o c o c c u s  which was r e s i s t a n t  to  su lp h on am ide . P e n i c i l l i n
was g i v e n  i n t r a t h e c a l l y  i n  4 d o se s  o f  5 0 ,0 0 0  u n i t s  and a l s o  
in t r a m u s c u la r ly .  The t o t a l  amount g iv e n  was 1 ,6 2 7 ,8 0 0  u n i t s  
in t r a m u s c u la r ly  and i n t r a t h e c a l l y  2 2 ,5 0 0  u n i t s .  P r o g r e s s  was 
u n in te r r u p t e d  and he was d is c h a r g e d  from h o s p i t a l  f i v e  weeks  
from the b e g in n in g  o f  tr e a tm e n t .
A f t e r  F le m in g ’ s s u c c e s s f u l  t r e a tm e n t  o f  t h i s  c a s e ,  
o t h e r  workers r e p o r te d  s u c c e s s ,  p a r t i c u l a r l y  i n  the  tr e a tm e n t  
o f  pneum ococcal m e n in g i t i s  w ith  p e n i c i l l i n .
In  A m erica , Waring and Sm ith (1 9 4 4 )  d e s c r ib e d  a s e r i e s  
o f  12 c a s e s  o f  pneum ococcal m e n in g i t i s  o f  which 4  r e c o v e r e d .  On 
th e  o t h e r  hand, S w eet  and h i s  c o l l e a g u e s  (19 4 5 )  d id  n o t  have  
such  s a t i s f a c t o r y  r e s u l t s .  They r e p o r te d  a s e r i e s  o f  16 c a s e s  
i n  which th e y  had o n ly  7 r e c o v e r i e s .  Applebaum and N e ls o n  (1945  
a l s o  d id  n o t  have r e s u l t s  com parable to th o se  o f  Waring and 
Sm ith . For a s e r i e s  o f  67 c a s e s  o f  pneum ococcal m e n in g i t i s  
th e y  had o n ly  26 r e c o v e r i e s .  Sm ith , D u th ie  and C a irn s  (1946)  
r e p o r t  a g r e a t e r  d eg ree  o f  s u c c e ss *  In  a s e r i e s  o f  38 c a s e s  o f  
p n e u m o c o c c a l/
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pneum ococcal m e n i n g i t i s  th e y  had o n ly  9 d e a th s .  The c a s e s  
were d iv id e d  i n t o  two l o t s  o f  19» The f i r s t  l o t  were t r e a t e d  
w ith  p e n i c i l l i n  a lo n e  and th e  s e c o n d  l o t  w ith  p e n i c i l l i n  and 
s u lp h a d ia z in e .  In  th o s e  t r e a t e d  w ith  p e n i c i l l i n  a lo n e  th e r e  
were 7 d ea th s  as compared w ith  2 i n  th e  o t h e r  group, However
3 o f  the p a t i e n t s  i n  the f i r s t  l o t  were i n  a moribund c o n d i t io n
on  a d m is s io n  and d ied  a few  h ours a f te r w a r d s .  Of t h e i r  f u l l y  
t r e a t e d  p a t i e n t s  2 d ie d  from in t r a c r a n ia l  a b c e s s ,  w h i l s t  i n  the  
re m a in in g  2 the  i n i t i a l  r e s p o n se  was good b u t  su b a ra ch n o id  
b lo c k  d e v e lo p e d  w ith  su b seq u en t  r e l a p s e  and d ea th .
In  th e  se c o n d  group t r e a t e d  w ith  p e n i c i l l i n  and 
s u lp h a d ia z in e ,  one p a t i e n t  d ie d  from f a t  embolism, and on e
o t h e r  d ie d  w i t h in  12 hours o f  a d m is s io n  to h o s p i t a l .  R e la p s e s
were more f r e q u e n t  i n  t h o s e  c a s e s  t r e a t e d  w ith  p e n i c i l l i n  a lo n e ,
R osenberg  and A r l in g  (1 9 4 4 )  t r e a t e d  65 p a t i e n t s  
s u f f e r i n g  from m en in g o co c ca l  m e n in g i t i s  w ith  i n t r a t h e c a l  and 
in tr a v e n o u s  o r  in tr a m u s c u la r  p e n i c i l l i n .  They had 64 r e c o v e r i e s .  
T h e ir  c a s e s  were p r a c t i c a l l y  a l l  young a d u l t s ,  the  age group i n  
which th e  m ost fa v o u r a b le  r e s u l t s  are o b ta in e d .  Some o f  the  
c a s e s  however were s e v e r e l y  i l l  on  a d m is s io n  b e in g  i n  a com atose  
s t a t e  o r  c o n v u ls in g .  They con c lu d ed  t h a t  p e n i c i l l i n  a d m in is te r e d  
both  i n t r a t h e c a l l y  and s y s t e m i c a l l y  i s  an e f f e c t i v e ,  h i g h l y  
p o t e n t  a g e n t ,  i n  t h e  tr e a tm e n t  o f  m e n in g o co c ca l  m e n in g i t i s .
CHAPTER
I n  t h i s  c h a p te r .  t h e  p la n  o f  e x p er im en t,  the d e t a i l s  o f  t r e a tm e n t . 
and a c l i n i c a l  su r v e y  o f  t h e  c a s e s ,  are  r e c o r d e d ,  ,
PLAN OP EXPERIMENT,
I n  March 19k5> when s u p p l i e s  o f  p e n i c i l l i n  became more 
p l e n t i f u l  i t  was d e c id e d  to t r y  i t s  e f f e c t  i n  the  tr e a tm e n t  o f  
c a s e s  o f  m e n in g o c o c c a l  m e n in g i t i s  a d m itted  to R u c h i l l  P e v e r  
H o s p i t a l .  As a lr e a d y  n o ted  i n  the i n t r o d u c t i o n ,  p e n i c i l l i n  
has a b a c t e r i o s t a t i c  e f f e c t  on the m en in gococcu s  and 
pneum ococcus, and b e n e f i c i a l  r e s u l t s  have  f o l l o w e d  i t s  u s e  by  
o t h e r  w orkers . A l l '  th e  c a s e s  d e a l t  w ith  i n  t h i s  work were 
under the age o f  f i v e  y e a r s ,  th e  age group i n  which the  d i s e a s e  
o c c u r r e d  m ost f r e q u e n t l y  and one  i n  which th e  f a t a l i t y  r a t e  i s  
v e r y  h i  gh.
T h e o r e t i c a l l y  th e r e  were many p o i n t s  i n  fa v o u r  o f  the  
u s e  o f  p e n i c i l l i n .  For exam ple th e  dosage was a c c u r a te  and 
a d m in i s t r a t io n  was e a sy  which was a f a v o u r a b le  f a c t o r  i n  d e a l in g  
w ith  c a s e s ,  p a r t i c u l a r l y  i n f a n t s ,  where v o m it in g  o r  an e a s i l y  
u p s e t  g a s t r o - i n t e s t i n a l  sy s tem  had to  be combated. In  a d d i t io n  
th e  d e p r e s s io n ,  c y a n o s i s ,  o r  e f f e c t s  on  the h a e m o p o ie t ic  system  
f r e q u e n t l y  a s s o c i a t e d  w ith  su lphonam ide th erap y  would n o t  be  
e n c o u n te r e d .
I t  was i n i t i a l l y  in te n d e d  to  t r e a t  one hundred c a s e s  
w ith  p e n i c i l l i n  a lo n e  b u t  the  r e s u l t s  o b t a in e d  d id  n o t  j u s t i f y  
c o n t in u in g  th e  e x p e r im e n t  beyond th e  f i r s t  f i f t y  c a s e s .  Where­
upon i t  was d e c id e d  to t r y  th e  e f f e c t  o f  a combined p e n i c i l l i n  
a n d /
"■25-
and su lphonam ide th era p y  i n  a f u r t h e r  f i f t y  e a s e s  and to
compare t h e  r e s u l t s  i n  both  groups#
The p e n i c i l l i n  t r e a t e d  c a s e s  were c o l l e c t e d  o v e r  the
p e r io d  r a n g in g  from March 19^-5 u n t i l  January 19^6 and th o se
i n  the su lphonam ide and p e n i c i l l i n  t r e a t e d  group from February
19U6 u n t i l  May 191+6* A l l  the  c a s e s  were o f  s p o r a d ic  o c c u r e n c e ,■— /
b u t  d u r in g  th e  w in t e r  months as m ight be e x p e c te d ,  th e  d i s e a s e  
became more p r e v a l e n t  and t h i s  was p a r t i c u l a r l y  the c a s e  from  
the  end o f  November u n t i l  th e  end o f  March,
The d e g r e e  o f  s e v e r i t y  o f  th e  c a s e s  was a s s e s s e d  i n  
b o th  grou p s, and c l a s s i f i e d  as s e v e r e  o r  m oderate .
Extrem e c a r e  was ta k en  i n  t h i s  a s s e s s m e n t ,  th e  g r e a t e s t  
d i f f i c u l t y  b e in g  e n c o u n te r e d  w ith  b o r d e r l in e  c a s e s ,  b u t  the  
f a c t  t h a t  th e  d i v i s i o n  was o n ly  i n t o  two m ajor groups reduced  
th e  d eg ree  o f  e r r o r  which m igh t a r i s e  w ith  a more numerous 
c l a s s i f i c a t i o n #
I n  the s e v e r e l y  i l l  c a t e g o r y  were p la c e d  a l l  the  c a s e s  
i n  which th e r e  was c l i n i c a l  e v id e n c e  o f  a s e v e r e  i n f e c t i o n  as  
judged by the a t t i t u d e  and m enta l c o n d i t i o n  o f  th e  p a t i e n t ,  
and a s s o c i a t e d  symptoms such  as c o n v u l s io n s ,  s e v e r e  headache,  
n u ch a l r i g i d i t y ,  head r e t r a c t i o n ,  o p i s t h o t o n u s ,  a p o s i t i v e  
K e r n ig ’ s s i g n ,  i r r i t a b i l i t y ,  l i s t l e s s n e s s ,  and p a l l o r ,  A 
p e t e c h i a l  e r u p t io n  when p r e s e n t  was regard ed  as an i n d i c a t i o n  
o f  a s e v e r e  i n f e c t i o n .
In  th e  m o d e r a te ly  i l l  group were p la c e d  p a t i e n t s  who had 
m oderat e /
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m oderate  toxaem ia  w ith  g e n e r a l l y  s l i g h t  n u ch a l r i g i d i t y ,  and 
a p o s i t i v e  K e r n ig ’ s s i g n .  A p e t e c h i a l  e r u p t io n  was n o t  
found  i n  th e  m o d e r a te ly  i l l  p a t i e n t s .
The f i f t y  p a t i e n t s  i n  th e  s e r i e s  who w ere t r e a t e d  w ith  
p e n i c i l l i n  a lo n e  a r e  r e f e r r e d  to  as G-roup A» 3 and the f i f t y  
t r e a t e d  w ith  a co m b in a t io n  o f  p e n i c i l l i n  and sulr>honamide as  
Group B*
•The d i s t r i b u t i o n  o f  th e  ca ses  w ith  regard  to th e  d e g r e e  
o f  s e v e r i t y  o f  i l l n e s s  i s  shown i n  T ab le  No, 1 s e t  f o r t h  
b e lo w ,
TABLE NO. 1 -  DISTRIBUTION OF GASES WITH REGARD TO DEGREE OF
SEVERITY OF ILLNESS IN GROUPS A & B.
GROUP A.
MODERATELY ILL. SEVERELY ILL,
No, o f  
O ases, 11+
No, o f  
C a s e s ,  36
GROUP B. No, o f  
G ases ,  18
No. o f  
Gases* 32
A f o r t u n a t e  f e a t u r e  w ith  reg a rd  to th e  com parison  o f
th e  Groups A and B i s  t h a t  th e y  c o n t a in  a s i m i l a r  number o f  
s e v e r e l y  i l l  p a t i e n t s ,
DETAILS OF METHOD OF TREATMENT.
The ward i n  which th e  p a t i e n t s  were t r e a t e d  i s  d iv id e d  
i n t o  f o u r  com partm ents, th e  f i r s t  two o f  which were r e s e r v e d  
f o r  th o se  i n  the a c u te  s t a g e  o f  th e  d i s e a s e ,  one fo r  a d u l t s  
an d /
and o l d e r  c h i l d r e n  ana th e  o t h e r  f o r  the c o t  c a s e s ,  you n ger  
c h i l d r e n  and i n f a n t s .  . The r e m a in in g  two com partm ents were 
r e s e r v e d  f o r  p a t i e n t s  a t  th e  c o n v a le s c e n t  s t a g e .  G e n e r a l ly  
a f t e r  the f i r s t  week, when th e  a c u te  s t a g e  was p a s s e d ,  the  
c a s e s  were prom oted through  to th e  t h ir d  compartment, and i n  
th e  l a s t  week to  the  f o u r t h  compartment.
On a d m is s io n  th e  p a t i e n t  was a t  f i r s t  b r i e f l y  examined  
i n  th e  ambulance to e x c lu d e  th e  p o s s i b i l i t y  o f  th e  p r e s e n c e  
o f  any o t h e r  i n f e c t i o u s  d i s e a s e ,  and was th en  d i r e c t e d  to  th e  
ward. In  the ward the  tem p eratu re , p u l s e  and r e s p i r a t i o n
r a t e s  were r e c o r d e d  and the p a t i e n t  w as b a th e d .
W ith in  h a l f  an hour of; a d m is s io n  th e  p a t i e n t  was g iv e n
a thorough  c l i n i c a l  e x a m in a t io n  and an e s t i m a t i o n  o f  the  d eg ree
o f  s e v e r i t y  o f  i l l n e s s  made. A f t e r  t h i s  a lumbar p u n c tu r e  
was p erform ed . I t  was found th a t  the e a s i e s t  way to  p erform  
t h i s  o p e r a t i o n  was to have th e  p a t i e n t  p la c e d  i n  th e  l e f t  
l a t e r a l  p o s i t i o n ,  and th e  s p in e  f l e x e d  by a n u r se  who p a s s e d  
one hand round the c h i l d * s  neck and th e  o t h e r  round the k n ees  
drawing them up towards the  c h in ,  th e n  c l a s p i n g  b o th  hands i n  
f r o n t ,  A l o c a l  a n a e s t h e t i c  was d is p e n s e d  w ith  as  i t  was found  
to  o b sc u r e  the  i n t e r v e r t e b r a l  s p a c e s ,  and th e  d e g r e e  o f  
d is c o m f o r t  was n o t  any more th an  would r e s u l t  from th e  i n j e c t i o  
o f  a l o c a l  a n a e s t h e t i c .  A f t e r  thorough c l e a n s i n g  o f  th e  s k in  
i n  th e  lumbar r e g i o n  w ith  m e th y la te d  s p i r i t s  and i o d i n e ,  a 
lum bar/
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lumbar p u n ctu re  n e e d le  was p a s s e d  in t o  th e  s p i n a l  c a n a l  
b etw een  th e  3rd and i+th lumbar v e r t e b r a e  i n  a s l i g h t l y  
upward d i r e c t i o n .  I n  c h i l d r e n  th e  th e c a  i s  p e n e t r a t e d  
u s u a l l y  a t  a depth  o f  from J to  |  o f  an in c h .  The 
i n c r e a s e d  f e e l i n g  o f  r e s i s t a n c e  which th e  dura o f f e r s  
i n  a d u l t s  i s  n o t  a p p a ren t  to  th e  same e x t e n t  i n  c h i ld r e n ,  
so  t h a t  i t  was found u s e f u l  a f t e r  p e n e t r a t i n g  th e  
ligam entum  flavu m , to  remove th e  s t i l e t t e  from tim e to  
t im e , as the  n e e d le  i s  pushed  i n  u n t i l  the  th e c a  i s  
p e n e t r a t e d  and the  f l u i d  drops o u t .  The amount o f  f l u i d  
w ithdraw n v a r i e s  a c c o r d in g  to  th e  i n t r a c r a n i a l  p r e s s u r e ,  
gauged a c c o r d in g  to  the r a t e  o f  f lo w  and th e  t e n s i o n  o f  
th e  a n t e r i o r  f o n t a n e l l e .  I n  c a s e s  under m arkedly  
in c r e a s e d  p r e s s u r e  and i n  i n f a n t s  w ith  b u lg in g  f o n t a n e l l e s  
up to  20 c .  c .  w ere w ithdraw n, but th e  u s u a l  q u a n t i t y  was 
from 10 to 15 c* T h is  u s u a l l y  red u ced  th e  r a t e  o f  f lo w  
from the n e e d le  to  an a p p r o x im a te ly  normal one.
The f o l l o w i n g  o b s e r v a t io n s  on th e  c e r e b r o s p in a l  
f l u i d  were made e v e r y  i+8 hours and r e c o r d e d ,
(1 )  I t s  m a c r o sc o p ic  ap p earan ce , w h eth er  t u r b id ,  
o p a l e s c e n t  o r  c lea r#
(2 )  P r e s s u r e .
(3 )  T o t a l  c e l l  count.
(1+) D i f f e r e n t i a l  c e l l  co u n t ,
(5 )  Type o f  org a n ism s on d i r e c t  f i l m  e x a m in a t io n .




The naked e y e  appearance o f  th e  c e r e b r o - s p i n a l  f l u i d  
w ithdraw n from th e  su b arach n o id  s p a c e  v a r ie d  i n  tr a n sp a r e n c y  
from s l i g h t  to  co m p le te  o p a c i t y .  In  t h i s  s e r i e s  o f  c a s e s  
d i s t i n c t i o n  h as  b een  drawn betw een  f l u i d s  p e r f e c t l y  c o l o u r l e s s  
and t r a n s p a r e n t  -  c a l l e d  c l e a r ,  f l u i d s  which were p r a c t i c a l l y  
c l e a r  but w ith  a ground g l a s s  a p p e a r a n c e , -  c a l l e d  o p a l e s c e n t ,  
and f l u i d s  which were d e f i n i t e l y  opaque, w h i t i s h  i n  c o lo u r ,  
y i e l d i n g  on s t a n d in g  a d e p o s i t  o f  p u s - c a l l e d  t u r b id .
In  Group A ( t r e a t e d  w ith  p e n i c i l l i n  a lo n e )  1+8 c a s e s  
on  a d m is s io n  had tu r b id ,  and 2 had o p a l e s c e n t  c e r e b r o s p in a l  
f l u i d s .  In  Group B ( t r e a t e d  w i t h  su lphonam ide and p e n i c i l l i n )  
a l l  50 c a s e s  had tu r b id  f l u i d s  on  a d m is s io n .
PRESSURE.
An e s t i m a t i o n  o f  th e  p r e s s u r e  from the  r a t e  o f  f lo w  
was made, the  a v e r a g e  normal r a t e  b e in g  about one  drop i n  e v e r y  
two o r  th r e e  s e c o n d s .  I t  was d i f f i c u l t  to  a s s e s s  th e  p r e s s u r e  
i n  t h i s  way as c r y in g  o r  s t r u g g l i n g  w hich was f r e q u e n t  i n  
c h i l d r e n  o f  t h i s  age group ten d ed  to g iv e  a h ig h  r e a d in g .  The 
m ethod o f  r e c o r d in g  the p r e s s u r e  was as f o l l o w s
The normal p r e s s u r e  was ta k en  a s  30 drops p e r  m in u te  and 
one p l u s  ( + ) i n d i c a t e d  an i n c r e a s e  o f  p r e s s u r e  to  about 60 
drops p e r  m inute and (++) a p r a c t i c a l l y  c o n s ta n t  f lo w .  The 
l a t t e r /
T o ta l C e lt C o u n t c/t C creW o~£ptaai F lu id .
PLATE. J; Showing tnarkeA wcvcasein celi-count during 
fin>t week of illness. [x  4oo]
PLATE 5kovviog ceil-coairt ol above case during
5ecoBul'vveek o£ [ x 4ooJ
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l a t t e r  p r e s s u r e  was th e  more f r e q u e n t  f i n d i n g .  As t h e  f l u i d  
was w ithdraw n th e  p r e s s u r e  f e l l  s t e a d i l y  u n t i l  i t  dropped to  
an a p p r o x im a te ly  normal r a t e ,  a t  w hich  p o i n t  the o p e r a t io n  
was d isc o n t in u e d *
TOTAL CELL COUNT*
I t  was im p o rta n t  t h a t  a t o t a l  c e l l  c o u n t  s h o u ld  be  
ta k e n  as soon  as  p o s s i b l e  a f t e r  w ith d r a w in g  th e  f l u i d ,  o r  
th e  c e l l s  would have  adhered  to  th e  s i d e s  o f  th e  tu b e , th us  
g i v i n g  lo w  c o u n t s .  The ap p a ra tu s  em ployed was th e  Fuchs -  
R o s e n th a l  c o u n t in g  chamber and an o r d in a r y  w h it e  c e l l  c o u n t in g  
p i p e t t e .
The f l u i d  w ith o u t  d i l u t i n g  was drawn up i n t o  th e  c l e a n  
dry p i p e t t e  and th en  in tr o d u c e d  i n  th e  u s u a l  manner below  th e  
c o v e r s l i p  o v e r  th e  c e n t r a l  r u le d  a r e a .  The count was made 
w ith  th e  low  power l e n s  o f  the  m ic r o sc o p e ,  a l l  th e  c e l l s  i n  
the r u le d  a rea  b e in g  counted* T h is  r u le d  a r e a  c o r r e sp o n d s  to  
3 . 2  c.m*m. and t o  o b t a in  th e  approxim ate number o f  c e l l s  p e r  
c.m .m . th e  t o t a l  cou n t was d iv id e d  by 3* A t th e  i n i t i a l  lumbar 
p u n c tu r e ,  where th e  f l u i d  was d i s t i n c t l y  tu r b id  and th e  t o t a l  
c e l l  co u n t  v e r y  h ig h ,  i t  was reco r d e d  as 1 ,0 0 0  p l u s  c e l l s  p e r  
c.m.m. In  th e  seco n d  week o f  i l l n e s s  th e  number o f  c e l l s  i n  
th e  c e r e b r o s p in a l  f l u i d  d e c r e a se d  more r a p i d l y .  (S e e  p l a t e s  
I  and I I )
DIFFERENTIAL CELL COUNT OF CELLS IN CERSBRO-SPINAL FLUID.
The p r o p o r t io n  o f  p o ly m o rp h o n u c lea r  l e u c o c y t e s  to  
ly m p h o c y te s /
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ly m p h o c y te s  was a s c e r t a in e d  from th e  s t a i n e d  f i l m .  One 
hundred c e l l s  were cou n ted  and th e  number o f  each  ty p e  p r e s e n t  
r e c o r d e d .
TYPE OF ORGANISM -  DIRECT FILM.
The f i l m s  were made from th e  c e n t r i f u g i l i s e d  d e p o s i t  
o f  th e  f l u i d ,  and s t a i n e d  by Gram’ s  method w h e r e a f te r  th ey  were 
exam ined under th e  o i l  im m ersion  l e n s  to  d e term in e  th e  ty p e  o f  
o rgan ism  p r e s e n t .  I t  i s  b e l i e v e d ,  and was a l s o  n o ted  i n  t h i s  
s tu d y ,  a lth o u g h  no n o te  was made o f  t h e  p r o p o r t io n  o f  
e x t r a c e l l u l a r  to  i n t r a c e l l u l a r ,  t h a t  i n  th e  more s e v e r e  and 
lo n g  s ta n d in g  c a s e s  t h e r e  i s  a h ig h e r  p r o p o r t io n  o f  e x t r a e e l l u l a  
m e n in g o c o c c i .
In  a l l  th e  c a s e s  i n  both groups A and B d e f i n i t e  
e v id e n c e  o f  a m e n in g o c o c c a l  i n f e c t i o n  was o b ta in e d  by f i n d i n g  
th e  organ ism  e i t h e r  i n  a d i r e c t  f i l m ,  on c u l t u r e ,  o r  i n  b o th  
d i r e c t  f i l m  and c u l t u r e .  G ases i n  which th e  i n f e c t i n g  
organ ism  was n o t  i d e n t i f i e d  were n o t  in c lu d e d  i n  t h i s  s tu d y .  Th 
m en in gococcu s  was n o t  found i n  any o f  the  c a s e s  i n  e i t h e r  group
U8 hours a f t e r  th e  i n t r a t h e c a l  a d m in i s t r a t io n  o f  the  p e n i c i l l i n .
(S e e  P l a t e s  I I I  and IV o p p , )
CULTURE.
A s m a l l  amount o f  th e  se d im e n t  was in o c u l a t e d  on to  
C h o c o la te  Agar medium. This  was th e n  in c u b a te d  a t  37°C f o r  18 
to 2k h ours  and th e  r e s u l t i n g  growth s t u d ie d .  F i lm s  were  
p rep a red  and s t a i n e d  by Gram’s m ethod. S u b c u ltu r e s  were made 
on to  serum agar s lo p e s  from which th e  b io c h e m ic a l  r e a c t i o n s  
w e r e /
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were noted*
BACTERIOSTATIC TITRE.
The method employed f o r  d e te r m in in g  th e  b a c t e r i o s t a t i c  
t i t r e  o f  th e  c e r e b r o s p in a l  f l u i d  was as f o l l o w s :
To each  o f  a s e r i e s  o f  s t e r i l e  s to p p e r e d  tu b e s  -  
(3  i  in c h )  0 , 5  <*• c« o f  v a r y in g  c o n c e n t r a t io n s  o f  the  
c e r e b r o s p in a l  f l u i d  was added as  shown d ia g r a m s t i c a l l y  b e lo w .
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The d i l u t i o n s  were made i n  s t e r i l e  b r o th  and were  
p rep a red  w ith  grad u a ted  p i p e t t e s  as  i n  s e r o l o g i c a l  t e s t s  i n v o lv in g  
the  p r e p a r a t io n  o f  a s e r i e s  o f  d o u b l in g  d i l u t i o n s ;  p i p e t t e s  used  
were s t e r i l e ,  the u s u a l  t e c h n iq u e  b e in g  ad op ted  to  en su r e  the 
s t e r i l i t y  o f  a l l  th e  m a t e r ia l s  employed,, A c o n t r o l  tube c o n t a in in g  
0*3 c .  c .  o f  b r o th  was in c lu d e d  i n  th e  s e r i e s .  To each tu be  was 
th en  added a l a r g e  l o o p f u l  ( s ta n d a r d  l o o p f u l  o f  3 mm. d ia m e te r ) ,  
o f  a 1 i n  300 d i l u t i o n  ( i n  b r o th )  o f  a tw e n ty - fo u r  h o u r s 1 b r o th  
c u l t u r e  o f  a s ta n d a rd  s t r a i n  ("Oxford H") o f  S ta p h y lo c o c c u s  
a u reu s .
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The tu b e s  were in c u b a te d  f o r  e i g h t e e n  to  tw e n ty - fo u r  
hours* when r e a d in g s  o f  th e  r e s u l t i n g  .growth, o r  ab sen ce  o f  
grow th, were made a c c o r d in g  to th e  v i s i b l e  t u r b i d i t y  o r  a b sen ce  
o f  t u r b i d i t y .
In  t h i s  way th e  b a c t e r i o s t a t i c  l e v e l  o f  the c e r e b r o s p in  
f l u i d  was d eterm in ed  w i t h in  tw e n ty - fo u r  h o u rs .  I f  n e c e s s a r y  
t h e s e  r e s u l t s  were con firm ed  o r  checked by ta k in g  a l o o p f u l  from  
each  tube a f t e r  thorough  sh a k in g  o f  the c o n t e n t s ,  and by making  
s i n g l e  s t r o k e  i n o c u l a t i o n s  i n  p a r a l l e d  on a £j.-inch p l a t e  o f  
b lo o d -a g a r ,  th e  p o s i t i o n  o f  each  s t r o k e  b e in g  i n d i c a t e d  by 
d i v i d i n g  th e  o u t s i d e  o f  the p l a t e  i n t o  d i v i s i o n s  w ith  g r e a s e  
p e n c i l .  The p l a t e  accommodated s i x  such  d i v i s i o n s ,  one f o r  the  
s t r o k e  i n o c u l a t i o n  from each  tu be . The p r e s e n c e  o r  ab sen ce  o f  
growth i n  the tu b e s  and the  r e l a t i v e  amount o f  grow th when th e r e  
was a p a r t i a l  i n h i b i t i o n  was th u s  c o n c l u s i v e l y  d e term in ed  a f t e r  
tw e n ty - fo u r  h o u r s ’ in c u b a t io n  o f  th e  p l a t e .  P l a t e s  I ,  I I ,  and 
I I I  i l l u s t r a t e  th e  method o f  r e c o r d in g  t h e  r e s u l t s ,
BLOOD EXAMINATION.
Having c a r r i e d  o u t  a f u l l  i n v e s t i g a t i o n  o f  the  
c e r e b r o s p in a l  f l u i d ,  the b lo o d  was i n v e s t i g a t e d  w ith  regard  to  
c u l t u r e  and q u a l i t a t i v e  and q u a n t i t a t i v e  changes o f  th e  l e u c o c y t e  
BLOOD CULTURE,
I t  i s  d i f f i c u l t  i n  c h i l d r e n  to  g e t  b lo o d  from the arm 
o r  l e g  as a r e s u l t  o f  th e  c h u b b in ess  o f  t h e i r  l im b s  and th e  
m in u t e n e s s /
— JUj_~
m in u te n e s s  o f  the  v e i n s  i n  c h i l d r e n  o f  5 y e a r s  o f  age and under.  
In  i n f a n t s  be low  the age o f  one year* i t  was c o m p a r a t iv e ly  e a sy  
to o b t a in  b lo o d  from th e  s a g g i t a l  s in u s  through th e  a n t e r i o r  
f o n t a n e l l e .  T h is  method was r e s o r t e d  to  i n  e v e r y  c a se  b e low  
th e  age o f  one y e a r  u n l e s s  t h e  v e in s  i n  the  arms o r  l e g s  o f f e r e d  
good p r o s p e c t  o f  s u c c e s s  from  v en ep u n ctu r e ,  The amount o f  
d is c o m f o r t  and r i s k  o f  in t r o d u c in g  i n f e c t i o n  were no g r e a t e r  
th a n  w ith  a v e n ep u n ctu r e  p r o v id e d  a p r o p e r  a s e p t i c  te c h n iq u e  
was adhered to# I t  was custom ary to have t h e  s c a lp  shaved  
o v e r  th e  a n t e r i o r  f o n t a n e l l e  and f o r  a su r r o u n d in g  area  o f  2"* 
T h is  p a r t  was th o ro u g h ly  c le a n s e d  w ith  s p i r i t  and i o d in e ,  where­
upon a hypoderm ic n e e d le  was in tr o d u c e d  through  th e  s c a lp  a t  
an a n g le  o f  ab ou t 60°# S l i g h t  back p r e s s u r e  was e x e r t e d  on  the  
p lu n g e r  as  th e  n e e d le  was s lo w ly  i n s e r t e d  i n  th e  mid l i n e  o f  the  
p o s t e r i o r  a n g le  t o  a depth o f  ab ou t -g" -  when th e  s a g g i t a l  s in u s  
was u s u a l l y  e n te r e d .  The q u a n t i t y  o f  b lo o d  w ithdrawn was as  
a r u l e  5 c, c* and t h i s  was in tr o d u c e d  i n t o  a b o t t l e  c o n t a in in g  
H a r t l e y ’ s  b r o th  to  which had b een  added to  p r e v e n t  the  
i n h i b i t i n g  a c t i o n  o f  p e n i c i l l i n  o r  su lphonam ide , T h i o g l y c o l l i c  
and A m inobenzoic  a c id s  r e s p e c t i v e l y ,
DISMISSAL LUMBAR PUNCTURE.
I f  th e  p a t i e n t  had made s a t i s f a c t o r y  c l i n i c a l  p r o g r e s s ,  
and had co m p le ted  th e  c o n v a le s c e n t  s t a g e  o f  1U days, a lumbar 
p u n c tu r e  was perform ed  w ith  a v iew  to  d e te r m in in g  th e  c o n d i t io n  
o f /
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o f  th e  c e r e b r o s p in a l  f l u i d  as a c r i t e r i o n  o f  the com p lete  
e l i m i n a t i o n  o f  i n f e c t i o n .  In  the f i r s t  i n s t a n c e  i t  was 
Im p ortan t to  n o te  t h a t  th e  p r e s s u r e  was normal from the p o i n t  
o f  v iew  o f  e x c lu d in g  i n c i p i e n t  h y d r o c e p h a lu s .  I f  th e  p r e s s u r e
was normal and th e  c e l l  c o u n t  b elow  12 c e l l s  p e r  c.m.m. and 
th e  p r o t e i n  c o n t e n t  normal* th e  c a s e  was c o n s id e r e d  cured  and 
a l lo w e d  home*
TREATMENT.
The c a s e s  as a lr e a d y  s t a t e d  were t r e a t e d  w ith  p e n i c i l l i n  
a lo n e  (Group A) o r  w ith  a co m b in a t io n  o f  p e n i c i l l i n  and 
su lp h on am ide , (Group 3 ) .
PENICILLIN TREATED GASES,
The p e n i c i l l i n  u se d  i n  the ex p er im en t was the sodium  
s a l t  p r e p a r e d  c h i e f l y  by M essrs . B o o ts  and Glaxo l a b o r a t o r i e s .
I t  was o b ta in e d  e i t h e r  i n  s m a l l  b o t t l e s  c o n t a in in g  1 0 0 ,0 0 0  u n i t s  
o r  i n  t a b l e t s  o f  1 0 ,0 0 0  u n i t s .  The p o te n c y  o f  th e  p r e p a r a t io n s  
u se d  v a r ie d  b etw een  300 to 300 u n i t s  p e r  m ill igram m e. A 
s o l u t i o n  w ith  a c o n c e n t r a t io n  o f  1 0 ,0 0 0  u n i t s  was o b ta in e d  by  
d i s s o l v i n g  1 0 0 ,0 0 0  u n i t s  i n  10 c c ’ s o f  s t e r i l e  w a ter .  S t r i c t  
a s e p s i s  was o b se r v e d  i n  the p r e p a r a t io n  o f  th e  s o l u t i o n ,  As 
th e  b o t t l e s  were f i t t e d  w ith  rubber s t o p p e r s ,  e a s i l y  p e r f o r a t e d  
w ith  a hypoderm ic n e e d le ,  t h i s  en a b le d  th e  s o l u t i o n  to  be  
p rep a red  w i t h o u t  th e  c o n t e n t s  b e in g  ex p o sed  to th e  atm osphere.
The d ose  which was i n j e c t e d  i n t r a t h e c a l l y  ev e r y  secon d  day i n  
t h e /
- 3 6 -
th e  Group A c a s e s  was 5 0 ,0 0 0  u n i t s ,  i . e .  5C  ^ o f  p e n i c i l l i n  
s o l u t i o n .  T h is  was b e l i e v e d  to  b e  th e  m ost a p p r o p r ia te  dose  
c o n s id e r i n g  th e  f a c t  t h a t  i t  was in tr o d u c e d  o n ly  on each  
a l t e r n a t e  day, i . e .  a t  i n t e r v a l s  o f  ij-8 h o u r s .  A s m a l le r  dosage  
o f  1 0 ,0 0 0  u n i t s  would r e q u ir e  to  be i n j e c t e d  d a i l y ,  and i t  was 
th e  i n t e n t i o n  i n  g i v i n g  th e  l a r g e r  dose to in tr o d u c e  a q u a n t i t y  
which would have a p r o lo n g e d  b a c t e r i o s t a t i c  e f f e c t .  The 
s o l u t i o n  was p rep a red  b e f o r e  the lumbar p u n ctu re  was perform ed  
so  t h a t  i t  was r ea d y  f o r  i n t r o d u c t i o n  to  th e  s p i n a l  c a n a l .  In  
c a s e s  which were p roved  n o t  to  be m e n i n g i t i s ,  h a v in g  c l e a r  
f l u i d s  under normal o r  s l i g h t l y  in c r e a s e d  p r e s s u r e ,  the  p e n i c i l l i n  
was r e tu r n e d  to  th e  r e f r i g e r a t o r  and s to r e d  th e r e  u n t i l  r e q u ir e d .  
I f  th e r e  was th e  s l i g h t e s t  doubt from th e  m a c r o sc o p ic  appearance  
o f  the f l u i d  t h a t  the  d ia g n o s i s  m ig h t  be one o f  m e n in g i t i s ,  th e  
p e n i c i l l i n  was i n j e c t e d ,  and the d ia g n o s i s  e s t a b l i s h e d  e x a c t l y  
l a t e r  from an i n v e s t i g a t i o n  o f  th e  f l u i d .  H aving withdrawn from  
10 to  1 5  c c t f s  o f  f l u i d  w hich , from i t s  m a c r o sc o p ic  appearance  
s u g g e s t e d  m e n i n g i t i s ,  5 c c . .  o f  th e  p rep a red  s o l u t i o n  o f  
p e n i c i l l i n  was drawn in t o  a s t e r i l e  s y r in g e ,  th e  n o z z l e  o f  
w hich  f i t t e d  i n t o  th e  end o f  th e  lumbar p u n ctu re  n e e d le .  Some 
c e r e b r o - s p i n a l  f l u i d  was drawn back i n t o  th e  s y r in g e  to en su re  
t h a t  the  n e e d le  was p r o p e r ly  i n  the  c a n a l ,  and a l s o  to  d i l u t e  
and warm th e  p e n i c i l l i n ,  which was th e n  s lo w ly  i n j e c t e d .  The 
p lu n g e r  was drawn back s l i g h t l y  on ce  o r  tw ic e .  With the p lu n g e r  
r  i  gh t /
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r i g h t  down to  the bottom  o f  th e  s y r in g e  th e  n e e d le  and s y r in g e  
were withdrawn* A c o l l o d i o n  p a tc h  was th e n  p la c e d  o v e r  th e  
p u n c tu r e  wound,
The c a s e s  i n  Group B r e c e i v e d  b o th  p e n i c i l l i n  and 
sulphonam ide* The d ose  o f  i n t r a t h e c a l  p e n i c i l l i n  which was 
a d m in is te r e d  was 3 0 , 000 u n i t s  o f  sodium s a l t ’ e v e r y  1+8 hours  
p r e p a r e d  i n  s t e r i l e  w ater  as a lr e a d y  d e s c r ib e d  i n  th e  trea tm en t  
o f  th e  Group A c a s e s .  I t  was d e c id e d  to  r e d u c e  th e  d ose  to
3 0 ,0 0 0  u n i t s  as  a r e s u l t  o f  th e  t o x i c  symptoms which d e v e lo p e d
i n  i n f a n t s  f o l l o w i n g  the a d m in i s t r a t io n  o f  5 0 /0 0 0  u n i t s .  The 
su lp h on am ide u se d  was s u lp h a p y r id in e  and th e  s c a l e  
o f  d osage  i s  shown i n  T ab le  No, 2 be low ,
TABLE NO* 2 -  SHOWING SCHEME OP DOSAGE.
Age p e r io d  i n  y e a r s 0 -2  yrs* 2 - 5  yrs*
I n i t i a l  Dose i n  Grms, 1 1 - 5
Dose i n  Grms., t h e r e a f t e r  
e v e r y  k  h o u rs .
0*5 0*5
T o ta l  D osage d u r in g  f i r s t  
21+ hours i n  Grms, k 5
A f t e r  th e  f i r s t  dose  the amount o f  sulphonam ide  
a d m in is te r e d  was red u ced  to 0*5 grms, The drug was a d m in is te r e d  
w ith  sodium b ic a r b o n a te  i n  m ilk  and th e  number o f  c a s e s  i n  
w hich i t  had to  be changed as a r e s u l t  o f  s i c k n e s s  was v e r y  few . 
A n/
”•38-”
An ad eq u ate  f l u i d  in ta k e  was m a in ta in ed  a t  a l l  times* Admin­
i s t r a t i o n  o f  the  sulphonam ide was a t  fo u r  h o u r ly  i n t e r v a l s  f o r  
th e  f i r s t  s e v e n  days and t h e r e a f t e r  th r e e  t im es a day fo r  th e  
n e x t  fo u r  o r  f i v e  days d ependent on the p r o g r e s s  o f  th e  case*
The t e r m in a t io n  o f  th e r a p y  f o l l o w e d  on  th e  d isa p p e a r a n c e  
o f  th e  m a n i f e s t a t i o n  o f  the d i s e a s e  and on a marked improvement  
b e in g  found i n  th e  e e r e b r o - s p i n a l  f lu id *  I t  was found  t h a t  
t h e s e  c o n d i t i o n s  were u s u a l l y  s a t i s f i e d  a t  an e a r l i e r  d a te  i n  
th e  p e n i c i l l i n  and sulphonam ide t r e a t e d  group than i n  t h o s e  
t r e a t e d  w ith  p e n i c i l l i n  a lo n e ,  b u t  t h i s  i s  d i s c u s s e d  i n  d e t a i l  
i n  a l a t e r  chapter*
DIBT*
The d i e t  was m a in ly  f l u i d  d u r in g  the  f i r s t  two days  
o f  th e  i l l n e s s *  For i n f a n t s ,  f o u r  h o u r ly  f e e d s  o f  g lu c o s e  and 
s t e r i l e  w a ter  were g iv e n ,  th e  q u a n t i t y  depending  on th e  age o f  
th e  ch i ld *  For o l d e r  c h i l d r e n  the d i e t  g iv e n  was as f u l l  as  
was c o n s i s t e n t  w ith  th e  d i g e s t i v e  c a p a c i t y .  As a r u l e  th e  
d i g e s t i v e  f u n c t i o n s  a r e  n o t  g r e a t l y  d i s t u r b e d  i n  c e r e b r o - s p i n a l  
f e v e r  and th e  a p p e t i t e  i s  o f t e n  w e l l  m a in ta in e d .  In  th e  e a r ly  
a c u te  s t a g e s  m ilk ,  b e e f  e s s e n c e ,  t e a ,  t o a s t ,  c h ic k e n  soup and 
c u s ta r d s  were g iv e n .  In  th e  c o n v a le s c e n t  s t a g e  a more normal 
d i e t  was g iv e n  p a r t i c u l a r l y  f i s h  d i s h e s  and c h ic k e n ,  o r  w ith  
i n f a n t s  m ilk  o r  bread  and m ilk  m ixture* Throughout the  trea tm en t  
t h e /
-3 9 -
th e   ^c h i l d r e n  were en cou raged  to  d r in k , and a p l e n t i f u l  s u p p ly  
o f  b la n d  d r in k s  was m a in ta in e d  f o r  t h i s  p u r p o se ,  orange j u i c e  
b e i n g  a p a r t i c u l a r  f a v o u r i t e .
RELIEF OF SYMPTOMS.
For th e  r e l i e f  o f  h ead ach e  a s p i r i n ,  o r  p h e n a c e t in  and 
c a f f e i n e ,  were found e f f e c t i v e  -  a d ose  o f  3 g r a in s  b e in g  
s u f f i c i e n t  f o r  th e  o l d e r  c h i ld r e n .  R e s t l e s s n e s s  and c o n v u ls io n s  
were t r e a t e d  w ith  Syrup o f  C h lo r a l .  I n f a n t s  r e c e i v e d  a dose  o f  
30 minims and o l d e r  c h i l d r e n  one drachm.
I t  was found t h a t  th e  q u ic k e s t  way to  r e l i e v e  v o m it in g  
due to the c e r e b r o s p in a l  f e v e r  was to  perform  a lumbar p u n c tu r e .  
In  a d d i t i o n  an i n t r a p e r i t o n e a l  s a l i n e  was o f  v a lu e  i n  c h i l d r e n  
i n  whom th e r e  was e v id e n c e  o f  d e h y d r a t io n .
As w ith  m ost f e b r i l e  d i s e a s e s ,  c o n s t i p a t i o n  was the  
g e n e r a l  r u l e  p a r t i c u l a r l y  i n  th e  o l d e r  c h i ld r e n .  To c o u n t e r a c t  
t h i s  a soap  and w a ter  enema was g i v e n  on e v e r y  seco n d  day d u rin g  
th e  a c u te  s t a g e .  I n  a d d i t i o n  C a s to r  O i l  o r  Syrup o f  F ig s  was 
a d m in is te r e d ,
CLINICAL SURVEY.
The g e n e r a l  a s p e c t  o f  th e  p a t i e n t  on  coming under  
o b s e r v a t i o n  was as f o l l o w s .  He l a y  i n  bed  u s u a l l y  on h i s  
s i d e ,  w ith  th e  l im b s  i n  an a t t i t u d e  o f  f l e x i o n  b u t  w ith  
th e  head somewhat ex ten d ed . P a l l o r  was a marked f e a t u r e  and 
ten d ed  i n  a /
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a few  h ou rs  to a l t e r n a t e  w ith  f lu s h in g *  M ental i r r i l a b i l i t y  
was i n  m ost c a s e s  pronounced , and any i n t e r f e r e n c e  on th e  p a r t  
o f  the  o b s e r v e r  was r e s e n t e d ,  j j a r t i c u l a r l y  i f  an a ttem p t was 
made to p l a c e  him i n  th e  su p in e  p o s i t i o n ,  The commonest 
symptom which h e r a ld e d  th e  o n s e t  o f  th e  d i s e a s e  was v o m it in g .  
The d i s t r i b u t i o n  o f  the c a s e s  i n  both  groups which e x h ib i t e d  
t h i s  symptom i s  shown i n  T ab le  Mo, 3*
TABLE MO, 3 -  IUCIDEECE OF VOMIT IMG IE BOTH GROUPS Off GASES,
GROUP. MO. OR OASES. VOMITIMG.
A 50 38
B 50 31
The v o m it in g  tended  to be p r o j e c t i l e  i n  c h a r a c te r  and 
o c c u r r e d  in d e p e n d e n t  o f ,  a lth o u g h  i t  was a g g ra v a ted  by, m ea ls .  
I n  th e  g r e a t  m a j o r i t y  o f  c a s e s  i t  so o n  c e a s e d  a f t e r  lumbar 
puncture*  The c a s e s  i n  which i t  had b een  p r e s e n t  f o r  some 
t im e were d eh yd rated  and were g iv e n  iz itr a v en o u s  g lu c o s e  s a l i n e  
i f  t h i s  were p o s s i b l e .  I f  in tr a v e n o u s  f l u i d  c o u ld  n o t  be  
g iv e n ,  normal s a l i n e  was a d m in is te r e d  i n t r a p e r i t o n e a l l y .  In  
i n f a n t s  6 to 8 - o z s .  were g iv e n  and i n  o l d e r  c h i ld r e n  up to  
12 o z s .  V om iting  o f  t h i s  e x p l o s i v e ,  p r o j e c t i l e  ty p e ,  was a 
u s e f u l  d i a g n o s t i c  s i g n  when a s s o c i a t e d  i n  p a r t i c u l a r  w ith  o t h e r  
m a n i f e s t a t i o n s  o f  th e  d i s e a s e ,  such  as  n u ch al r i g i d i t y ,  o r  
K e r n ig ’ s s ig n ,  f o r  i t  h e lp e d  to  draw th e  p a r e n t s  and the  
p r a c t i t i o n e r ’ s /
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p r a c t i  t i o n e r ’ s a t t e n t i o n  to the s e r i o u s n e s s  o f  th e  i l l n e s s .  
HEADACHE.
I n  c h i l d r e n  o v e r  th e  age o f  tv/o y e a r s  a c o r d i a l n t  o f
headache and s t i f f n e s s  o f  th e  neck  as i n  a d u l t s  was f r e q u e n t .  The
headache was u s u a l l y  o c c i p i t a l  and r a d ia t e d  down th e  back . The 
s e v e r e  headache a s s o c i a t e d  w ith  the d i s e a s e  i s  b e l i e v e d  to be 
due to  th e  im pairm ent o f  the c e r e b r a l  c i r c u l a t i o n  produced  by
th e  i n c r e a s e  o f  i n t r a c r a n i a l  p r e s s u r e  ( P o s t e r  and G a s k e l l  1916)
Lumbar P u n ctu re  was n o ted  to  g i v e  r e l i e f .
MUGHAL RIGIDITY.
T h is  was a v e r y  c o n s ta n t  s i g n  and was p r e s e n t  i n  a l l  
c a s e s  i n  v a r y in g  d e g r e e s ,  from s l i g h t  s t i f f n e s s  o f  the  neck  
m u sc le s  to d e f i n i t e  spasm w ith  r i g i d i t y  and head r e t r a c t i o n ,  By 
p l a c i n g  th e  hand b en ea th  th e  p a t i e n t ’ s head and en d ea v o u r in g  to  
draw i t  upward, a d e f i n i t e  r e s i s t a n c e  was e n co u n tered  so t h a t  
th e  c h in  co u ld  n o t  be made to touch  th e  c h e s t .  T h is  n u ch al  
r i g i d i t y  was due to  th e  i n c r e a s e  i n  ton e  o f  the neck m u s c le s ,  
w hich  a r o s e  as a r e s u l t  o f  the  i r r i t a t i o n  o f  t h e i r  n ervou s  
c o n t r o l .
KERMIG’ S SIGH,
T h is  s i g n  depends on  th e  s t i f f n e s s  o f  th e  m u sc le s  o f  
th e  back o f  the  th ig h .  The l im b , when th e  th ig h  i s  f l e x e d  to  
a r i g h t  a n g le  -with th e  trunk cannot be f u l l y  ex ten d ed  a t  the  
knee j o i n t .  This  s ig n  was p r e s e n t  i n  p r a c t i c a l l y  e v e r y  one o f  
th e  c a s e s  b u t  i t  was n o t c o n s id e r e d  o f  such d i a g n o s t i c  im portance  
a s /
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as n u ch a l r i g i d i t y ,  and t h i s  was p a r t i c u l a r l y  so  i n  c h i l d r e n  
belov; th e  age o f  two y e a r s ,  i n  whom th e r e  i s  a p h y s i o l o g i c a l  
r i g i d i t y  o f  the  t h ig h  m u sc le s  which may y i e l d  a p o s i t i v e  s ign*  
(W o rster -D ro u g h t and Kennedy 1919)*
PETECHIAL RASH,
T h is  s i g n  appeared i n  th e  m a jo r i t y  o f  c a s e s  as a 
few  i s o l a t e d  s p o t s  on the abdomen, o r  on th e  hands and f e e t  
e s p e c i a l l y  on th e  e x t e n s o r  s u r f a c e s .  The l e s i o n  was p e t e c h i a l  
and v a r ie d  i n  s i z e  from t h a t  o f  a p i n  head to a l e n t i l #  The 
c o lo u r  v a r ie d  from b r ig h t  red to  p u r p le  and d id  n o t  fa d e  on  
p r e s su r e #  T ab le  Ho# 4  shows the  number o f  c a s e s  i n  each  
group h a v in g  a p e t e c h i a l  rash*
TABLE HO* 4  -  CASES DEVELOPING A PETECHIAL ERUPTIOH.,





I t  was n o t  p o s s i b l e  to o b t a in  a sam ple o f  b lo o d  i n  
s e v e r a l  c a s e s ,  p a r t i c u l a r l y  i n  young c h i l d r e n  with' p oor  v e i n s ,  
and a c lo s e d  a n t e r i o r  f o n t a n e l l e ,  which p r e v e n te d  a c c e s s  to  the  
s a g g i t a l  s in u s#  However b lo o d  f o r  c u l t u r e  was o b ta in e d  from 
7 5  p a t i e n t s  and n o t  one was found to have a p o s i t i v e  b lo o d  
c u l t u r e .  A /
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A p o s s i b l e  e x p la n a t io n  f o r  t h i s  i s  t h a t  th e  c a s e s  d e a l t  w ith  
were o f  a s p o r a d ic  ty p e  and d id  n o t  have a haem orrhagic  ra sh  
which i s  a s s o c i a t e d  w ith  th e  f u lm in a t in g  ty p e  o f  c a s e  i n  - 
which a p o s i t i v e  b lo o d  c u l t u r e  i s  more f r e q u e n t l y  found . I f ,  
as i s  a t  p r e s e n t  b e l i e v e d ,  th e  p o r t a l  o f  e n tr y  to  th e  m eninges  
i s  by the b lo o d  s trea m  th e n  i t  would appear t h a t  t h i s  m ust  
o c c u r  a t  a v e r y  e a r l y  s t a g e  i n  th e  i l l n e s s ,  u s u a l l y  b e f o r e  th e  
c a s e  i s  d ia g n o se d ,  o r  a d m itted  to  h o s p i t a l*
CONVULSIONS.
An e p i l e p t i f o r m  ty p e  o f  c o n v u ls io n  was p r e s e n t  on  
a d m is s io n  i n  a few  c a s e s  and t h i s  was found to be o f  grave  
p r o g n o s t i c  s i g n i f i c a n c e .
TEMPERATURE.
The tem p eratu re  r eco rd ed  on  a d m is s io n  was v a r i a b l e  
and no c r i t e r i o n  o f  s e v e r i t y .  In  some v e r y  i l l  p a t i e n t s  th e r e  
was o n ly  a s l i g h t  e l e v a t i o n ,  w h i le  i n  m o d e r a te ly  i l l  p a t i e n t s  
i t  was h ig h .  As the p a t i e n t s  c o n d i t i o n  improved i t  g r a d u a l ly  
assumed a normal l e v e l .
PULSE.
T h is  was a l s o  a v a r i a b l e  f i n d i n g  and was g e n e r a l l y
v e r y  rap id  b e in g  p a r t i c u l a r l y  e a s i l y  u p s e t  i n  c h i ld r e n .  R a tes
o f  about 160 b e a t s  p e r  m inute  were a f r e q u e n t  f i n d i n g ,  b u t  as
th e  d i s e a s e  p r o c e s s  was overcome th e  p u l s e  r e tu r n e d  to norm al,




H erpes f e b r i l i s  o c c u r r e d  i n  k  c a s e s  i n  Group A and i n  
one c a s e  i n  Group B, I t  d e v e lo p e d  bn an a v era g e  from th e  
seco n d  t o  the fo u r th  day o f  i l l n e s s  and was c o n f in e d  to  th e  l i p  
m argin . The f i r s t  s i g n  o f  i t s  ap pearance was th e  p r e s e n c e  o f  
an ery th em a to u s  p a tc h  on which sm a ll  groups o f  v e s i c l e s  
d e v e lo p e d ,  These r a p id ly  in c r e a s e d  i n  s i z e  and became p u r u le n t ,  
I t  i s  u n u su a l  to have h e r p e s  d ev e lo p  i n  c h i ld r e n  under th e  age 
o f  two years*  However, one o f  th e  c a s e s  i n  t h i s  s e r i e s ,  aged  
20 m onths, develorjed h e r p e s  i n  the I+th day o f  i l l n e s s .  T a b le  
Ho® 5 shows th e  d i s t r i b u t i o n  o f  the  c a s e s  w ith  herpes*
TABLE HO, 5 .
CASE. AGE. DAY OF APPEARANCE. RESULT, GROUP,
1 R. B, R h th  Day. Cured. A
2 W.D. D 3 rd" ”
3 J . J . 2^ 7 th ” 1 1 UT...‘
k  C.O. 2 ........ ■ -  2nd' "" ~  ‘ . ti ' > ■ ■ ■ "
3 J.R* k 3rd " I t B
The p r e s e n c e  o r  a b se n c e  o f  h e r p e s  i s  o f  no p r o g n o s t i c  
s i g n i f i c a n c e ,  F orm erly  i t  was b e l i e v e d  to be a f a v o u r a b le  s ig n  
b u t  c a s e s  e x h i b i t i n g  i t  q u i t e  o f t e n  d ie ,  (7 /o r s te r -D r o u g h t  and 
Kennedy 1919)* A l l  the c a s e s  i n  t h i s  s e r i e s  r e c o v e r e d .
CHAPTER I I I .
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THE COMPARISON 0? THB GASES TREATED IB GROUPS A iU>!D B.
B e fo r e  th e  r e s u l t s  which were o b t a in e d  frorn the  u se  o f  
the  two forms o f  th era p y , p e n i c i l l i n  a lo n e ,  and p e n i c i l l i n  and 
Sulphonam ide c o u ld  be compared, i t  was n e c e s s a r y  to d eterm in e  
w hether  th e  c a s e s  t r e a t e d  were s i m i l a r .  In  com paring th e  
c a s e s  i n  th e  two groups A ana B t h e  f o l l o w i n g  f a c t o r s  were  
co n s id ered #
(1 )  Age.
(2 )  S ex .
(3). The d u r a t io n  o f  i l l n e s s  b e f o r e  th e  commencement o f  
th era p y .
(A) The p r e s e n c e  o r  a b sen ce  o f  c o n v u ls io n s .
(5 )  The p r e s e n c e  o r  ab sen ce  o f  coma.
AGE.
A l l  th e  c a s e s  c o n s id e r e d  i n  t h i s  work were p a t i e n t s  o f  
f i v e  y e a r s  o f  age or  under. The y o u n g e s t  p a t i e n t s  t r e a t e d  i n  
Groups A and B. were aged s i x  and fo u r  weeks r e s p e c t i v e l y .  I t  
i s  u n u su a l  f o r  c e r e b r o s p in a l  f e v e r  to o c c u r  i n  c h i l d r e n  below  
th e  age o f  two m onths. H o l i e s  to n  and R on a ld son  (1 9 4 0 )  qu ote  Root  
a s  b e in g ,  o n ly  a b le  to  c o l l e c t  a s e r i e s  o f  7 su c h  c a s e s .
The number o f  p a t i e n t s  i n  whom th e  d i s e a s e  o c c u r r e d  i n  
a p a r t i c u l a r  age group i n  b o th  s e r i e s  o f  c a s e s  corresp on d  v e r y  
c l o s e l y .  For exam ple i n  Groups A and B th e r e  were 9 and ll . '1. 
c a s e s  r e s p e c t i v e l y  i n  th e  s i x  months and under age group. The 
m a j o r i t y /
-46—
m a jo r i t y  o f  c a s e s  o c c u r r e d  i n  c h i ld r e n  b e lo w  the  age o f  two 
y e a r s .  In  Group A th e y  com prised  70. p e r  c e n t  and i n  Group 
B $8 p e r  c e n t .
T a b le  Ho, 6 s e t  f o r t h  b e lo w  shows th e  d i s t r i b u t i o n  
o f  th e  c a s e s  i n  th e  r e l a t i v e  age groups,
TABLE HO. 6,
THE DISTRIBUTION OF THE CASES WITH REGARD TO AGE Iff BOTH 
GROUPS A AND B,
Group A* Group B.
Age, Ho, o f  G ases , Ho. o f  O ases ,
6 Months 
and Under. 11 9
1 Year, 7 10
2 Y eans. 17 13
3 Y ea rs , 6 8
4  Y ea rs . 6 4
3 Y ears , 3 k
T o t a l . 30 • 30
I t  i s  f o r t u n a t e  t h a t  th e  age d i s t r i b u t i o n  o f  the  
c a s e s  i n  b o th  groups corresp on d ed  c l o s e l y ,  f o r  th e  age o f  th e  
p a t i e n t  i n  c e r e b r o s p in a l  f e v e r  i s  o f  m ajor p r o g n o s t i c  
s i g n i f i c a n c e ,
S E X ./
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SBX,
I n  Grouj) A th e r e  were p r a c t i c a l l y  tw ic e  as many m ales  
a f f e c t e d  as f e m a le s ,  th e  numbers b e in g  32 m ales  and 18 fem ales*  
In  Group B th e  d i s t r i b u t i o n  was more even , th e r e  b e in g  29 m ales  
and 21 f e m a le s .  The s e x  o f  th e  p a t i e n t  h a s  b een  found, how ever,  
to  have v e r y  l i t t l e  i n f l u e n c e  on  p r o g n o s i s  and c o n f ir m a to r y  
e v id e n c e  o f  t h i s  was o b ta in e d  i n  b oth  s e r i e s  o f  cases*  The 
d i f f e r e n c e  i n  th e  f a t a l i t y  r a t e s  b e tw een  m ales  and f e m a le s  i n  
e i t h e r  Group A o r  B was n ot more th an  about 1 p e r  cent* Table  
Ho. 7 s e t  f o r t h  b e lo w  shows the d i s t r i b u t i o n  o f  th e  s e x e s  i n  
b o th  s e r i e s  o f  c a s e s .
TABLE HO. 7 *
THE DISTRIBUTION OF THE SEXES IH GROUPS A AHD B*




Ho, o f  
D ea th s ,
Ho. o f
C as e s ,
Ho, o f  
D ea th s .
Male. 32 10 ( 3 1 . 2 ) 29 4 (1 3 )
Female. 18 6 ( 3 3 .3 ) 21 3 ( W )
T o t a l . 50 16 50 7
F ig u r e s  i n  b r a c k e t s  a re  p e r c e n t a g e s .
-A8-
THE DURATION OF ILLNESS BEFORE THE COMMENCEMENT OF THERAPY.
I n  b o th  Groups A and B th e r e  were s i x  c a s e s  ad m itted  
i n  t h e i r  f i r s t  day o f  i l l n e s s .  The g r e a t e s t  number o f  c a s e s  
i n  b o th  groups was a d m itted  i n  th e  seco n d  and t h ir d  days o f  
i l l n e s s .  F o r  example i n  Group A th e r e  were 18 and 1 6 c a s e s  
a d m itte d  i n  t h e i r  se c o n d  and t h ir d  days o f  i l l n e s s  r e s p e c  t i v e l j p  
w h i l s t  th e  c o r r e sp o n d in g  numbers i n  Group B were 27 and 9 c a s e s .  
On th e  s u c c e e d in g  days i n  b o th  grou p s, th e r e  was a  com parable  
number a d m itted  th e  o n ly  d i f f e r e n c e  o f  n o te  b e in g  i n  th e  f i f t h  
day when 3 c a s e s  were a d m itted  i n  Group A and none i n  Group B.
T ab le  Ho. 8 b e low  shows the  d i s t r i b u t i o n  o f  the c a se s  
a c c o r d in g  to the d u r a t io n  o f  i l l n e s s  b e f o r e  th ey  were a d m itted .  
TABLE HO. 8 .
THE DISTRIBUTION OF THE CASES WITH REGARD TO THE DURATION OF 
ILLNESS BEFORE ADMISSION.
Group A. Group B.
Days i l l  b e f o r e  
Therapy was 
Commenced.






3 -1 0 k 3
Total* 50 30
THE PRESENCE OR ABSENCE Off CONVULSIONS.
Some p a t i e n t s  on a d m is s io n  had c o n v u ls iv e  s e i z u r e s  
which ten d ed  to  r e c u r  p a r t i c u l a r l y  i n  th e  c a s e s  i n  which the  
i l l n e s s  p r o g r e s s e d  to  a f a t a l  t e r m in a t io n .  .. The c o n v u ls io n s  
o c c u r r e d  su d d en ly  w ith o u t  any w arning, a t t e n t i o n  b e in g  f i r s t  
drawn to the c h i l d  when th e r e  were t w i t c h in g s  o f  th e  arm s,  
l e g s  and jaw* The head was h e ld  r i g i d ,  th e  f a c e  c y a n o t ic  
and c o n g e s te d ,  and towards th e  end th e r e  was f r e q u e n t l y  s l i g h t  
vom iting*
W ith th e  r e t u r n  o f  c o n s c io u s n e s s  the c y a n o s i s  p a s s e d  
o f f , - m a r k e d  p a l l o r  re m a in in g .  C o n v u ls io n s  a l s o  o ccu r r e d  i n  
p a t i e n t s  who were i n  a sern i-com atose  s t a t e ,  b u t  o n ly  th e  
c a s e s  i n  whom i t  aTjpeared as a s e p a r a te  f e a t u r e  o f  th e  d i s e a s e  
a re  c o n s id e r e d  h e r e .
T ab le  Ho, 9 b e lo w  shows th e  d i s t r i b u t i o n  o f  th e  c a s e s  
h a v in g  c o n v u ls io n s  on  a d m iss io n  i n  t h e i r  r e l a t i v e  age groups,  
TABLE HQ, 9 *
THE DISTRIBUTION OP THE GASES HaVING CONVULSIONS OK ADMISSION 
IN THEIR RELATIVE AGE GROUPS.
Group A* Group B.
A.ge o f  p a t i e n t . Ho. o f  C ases . No, o f  C a ses .
1 Year & Under. 5 5
2 Years & Under. 3 1
3 Y ears & Under, 1 0
T o t a l . 9 6
There were 9 c a s e s  i n  Group A and 6 O ases i n  Group B 
who had c o n v u ls io n s  on a d m is s io n  to h o s p i t a l*  Out o f  th e  9 
c a s e s  i n  Group A 8 were aged up to 2 y e a r s ,  w h i le  i n  Group B 
th e y  were a l l  i n  t h i s  category*  The rem a in in g  p a t i e n t  i n  
Group A was th r e e  y e a r s  o f  age* C o n v u ls io n s  o c c u r r in g  i n  
c h i l d r e n  w ith  c e r e b r o s p in a l  f e v e r  was o f  g ra v e  p r o g n o s t i c  
s i g n i f i c a n c e ,  and i n  Group A i t s  in c i d e n c e  was h ig h e r  by 6 
p e r  c e n t  th an  i n  Group B*
THE PRESENCE OR ABSENCE OF COMA*
The c h i l d r e n  d i s c u s s e d  under t h i s  h e a d in g  were i n  a 
s e m i- c o n s c io u s  s t a t e  b u t  were ca p a b le  o f  b e in g  roused  on 
s t im u la t io n *  They were n ot i n  : tr u e  coma and c o u ld  be made 
to  sw a llo w  t h e i r  drug and f l u i d s .  They l a y  im m ob ile ,  and on  
one s i d e  i n  th e  c h a r a c t e r i s t i c  a t t i t u d e  o f  a s e v e i e c a s e  o f  
m e n i n g i t i s ,  h a v in g  marked n u ch a l r i g i d i t y  which i n  some c a s e s  
had p r o g r e s s e d  to  r e t r a c t i o n  o r  o p i s t h o t o n u s .  The arms
were w e l l  f l e x e d  a t  th e  e lb o w s, ’w ith  the hands c la s p e d  under  
th e  c h in ,  and t h e  l e g s  ex ten d ed  and s t i f f  w ith  a p o s i t i v e  
K e r n ig ’ s s ign*  The e y e s  were c lo s e d ,  the p u p i l s  d i l a t e d ,  
i n  m ost  c a s e s  e q u a l ,  and r e a c t i n g  s l u g g i s h l y  to l i g h t .  
I r r i t a b i l i t y  on  s t i m u l a t i o n  was a marked f e a t u r e .  T ab le  
No* 10 shows th e  d i s t r i b u t i o n  o f  th e  c a s e s  i ti coma w ith  
reg a rd  to age.
- 5 1 -
TAHLE NO. 10,
THE DISTRIBUTION OF THE CASES IN A COMATOSE STATE OH ADI,'IS SI ON,
Group A. GrouT3 B,
Age o f  P a t i e n t . No. o f  C a ses . No. o f  C a ses ,
1 Year and Under. 2 2
2 Y ears and Under, 2 2
3 Y ears  and Under, 1 0
A Y ears  and Under. 1 0
T o t a l . 6 A
In Group B th e r e  were A c a s e s  i n  a com atose s t a t e  on  
a d m is s io n  and th ey  were a l l  i n  th e  iwo y e a r s  o f  age and under  
group. In  Group A A o u t  o f  a t o t a l  o f  6 c a s e s  were i n  t h is  
age group. The rem ain in g  2 c a s e s  we re  aged th r e e  and fo u r  
y e a r s  r e s p e c t i v e l y .  In  Group A th e  in c id e n c e  o f  th e  
com atose  s t a t e  was h ig h e r  by A p e r  c e n t  than i n  Group B.
In  some c a s e s  c o n v u ls io n s  o c c u r r e d  i n  p a t i e n t s  who 
were a d m itted  i n  a sem i-c o m a to se  s t a t e  and th e  d i s t r i b u t i o n  
o f  th e  c a s e s  i n  both  groups m a n i f e s t in g  t h e s e  f e a t u r e s  o f  
th e  d i s e a s e  i s  shown i n  T ab le  No, 11 s e t  f o r t h  below .
- 5 2 -
TABLE NO. I I ,
THE DISTRIBUTION 0? CASES IN GROUPS A a L^D B WHO HAD CONVULSIONS 
OH ADMISSION AND HERE IN A COMATOSE STATS.
Age o f  th e  
P a t i e n t ,
Group A. Group B«
Ho. o f  C a ses . No. o f  C a ses ,
1 Year and 
Under, 2 2
2 Y ears  and 
Under, 2 1
T o t a l , b 3
A l l  th e  c a s e s i n  a com atose  s t a t e on  a d m is s io n  and
h a v in g  c o n v u ls io n s  were aged two y e a r s  or  under. There
were b  such  c a s e s  i n  Group A and 3 i n  Group B.
- 5 3 -
CONCLUSIONS.
The c a s e s  i n  groups A and B have  compared fa v o u r a b ly  
i n  m ost  o f  th e  f a c t o r s  c o n s id e r e d .  The age d i s t r i b u t i o n  and 
th e  d u r a t io n  o f  i l l n e s s  b e f o r e  b e in g  a d m itted  to h o s p i t a l  were 
s i m i l a r .  There were c e r t a i n l y  9 more c a s e s  ad m itted  i n  group  
B i n  t h e i r  secon d  day o f  i l l n e s s  than  i n  group A, but th e r e  
was a s i m i l a r  i n c r e a s e  o f  7 c a s e s  a d m it te d  i n  the  t h ir d  day o f  
i l l n e s s  i n  group A. Thus ta k in g  the  number o f  c a s e s  ad m itted  
i n  t h e i r  f i r s t  th r e e  days o f  i l l n e s s ,  when th e  f a t a l i t y  r a t e  
was found to b e  h ig h ,  2+0 were i n  group A and 1+2 i n  group B*
I n  group A the number o f  c a s e s  h a v in g  c o n v u ls io n s  
ex ce e d e d  th o s e  i n  group B by 3* S i m i l a r l y  th e r e  were 2 more 
c a s e s  a d m it te d  i n  a com atose  s t a t e  i n  group A th an  i n  group B» 
The number o f  c a s e s  who e x h i b i t e d  b o th  c o n v u ls io n s  and a 
com atose  s t a t e  was h ig h e r  by  one i n  group A.
These m a n i f e s t a t i o n s  o f  th e  d i s e a s e  were e x h i b i t e d  by 
a v e r y  s e v e r e l y  i l l  p a t i e n t  i n  whom the p r o g n o s is  was 
c o r r e s p o n d in g ly  g ra v e .  Thus i t  would appear t h a t  a s l i g h t l y  
g r e a t e r  number o f  p a t i e n t s  i n  group A were more dangei’o u s ly  
i l l  than  i n  group B. However t h i s  d i f f e r e n c e  was s l i g h t  and 
sh o u ld  n o t  h a v e  in f l u e n c e d  to  any c o n s id e r a b le  e x t e n t  th e  
r e s u l t s  o f  the tr e a tm e n t  em ployed.
CHAPTER IV.
CHAPTSR IV,
THE COMPARISON OF RESULTS OBTAINED FROM THE USE OF PENICILLIN 
ALONE IN GROUP A CASES, AND THE COMBINATION OF PENICILLIN AND 
SULPHONAMIDE IN GROUP B CASES,
i n  t h i s  c h a p te r  th e  r e s u l t s  o b ta in e d  from the tr e a tm e n t
o f  Group A c a s e s  w ith  p e n i c i l l i n  a lo n e ,  and the trea tm en t  o f  Group
B c a s e s  w ith  p e n i c i l l i n  and su lphonam ide, a r e  compared.
S p e c i a l  r e f e r e n c e  i s  made to the f o l l o w i n g  f a c t o r s : -
( 1 )  The r e s u l t s  o b t a in e d  from the two form s o f  th era p y  i n  th e
d i f f e r e n t  age groups.
(2 ) The d u r a t io n  o f  th e  i l l n e s s  b e f o r e  th era p y  was commenced and
i t s  i n f l u e n c e  on  the f a t a l i t y  r a t e .
(3 )  The r a t e  o f  r e s o l u t i o n  o f  the  d i s e a s e  p r o c e s s  as i n d i c a t e d
by th e  t o t a l  and d i f f e r e n t i a l  c e l l  cou n ts  o f  th e  
c e r e b r o s p in a l  f l u i d  which were done on a l t e r n a t e  d ays.
(2+) The d u r a t io n  o f  p y r e x ia .
(5 )  The o c c u r r e n c e  o f  c o m p l ic a t io n s  and s e q u e la e  w ith  s p e c i a l  
r e f e r e n c e  to H y d rocep h a lu s .
THE RESULTS OBTAINED PROM THE TWO FORMS OP THERAPY IN THE DIFFERENT 
AGE GROUPS.
The m a j o r i t y  o f  th e  p a t i e n t s  t r e a t e d  i n  b o th  Groups A 
and B were under th e  age o f  two y e a r s ,  the  age group i n  which the  
f a t a l i t y  r a t e  was a lw ays h ig h .  B ee so n  and Westerman (192+3) i n  
t h e i r  su r v e y  o f  c a s e s  o c c u r r in g  b e tw een  June 1939 -  June 192+1 
found t h e i r  f i g u r e s  f o r  t h i s  group showed a f a t a l i t y  r a t e  o f  31 
p e r  c e n t ;  s i x  t im es  as g r e a t  as t h a t  f o r  yo u n g  a d u l t s .  S i m i l a r l y  
th e  S c o t t i s h  S c i e n t i f i c  A d v iso r y  Committee i n  an a n a l y s i s  o f  c a s e s  
o c c u r r i n g /
o c c u r r i n g  i n  th e  p e r i o d  193& ~ Al found  t h a t  th e  f a t a l i t y  r a t e  
i n  i n f a n t s  o f  one y e a r  o f  age was 2 8 .3  p e r  c e n t .
In  T ab le  ho# 12 b e lo w , th e  d i s t r i b u t i o n  o f  the c a s e s ,  
i n  b oth  s e r i e s  A and B, i n  t h e i r  r e s p e c t i v e  age groups w ith  
f a t a l i t y  r a t e s  are  shown.
TABLE hO. 12 .
THE DISTRIBUTION! OF THE OASES IK GROUPS A AKD B IP THEIR RELATIVE 
AGE GROUPS PITH FATALITY RATES.
Group A. Group B.
Age.
ho. o f
Gas e s -
ho . o f  
D ea th s .
i i O .  O f
C a ses .
ho . o f  
D ea th s .
6 Months 
& under. 11 6 (5A) 9 A (AA)
1 Year 7 5 (7 1 ) 10 2 ( 2 0 )
2 Y ears 17 1 ( 5 - 8 ) 15 1 (6 ,  6)
3 Years 6 2 (33-3) 8 0 ( - )
A Years 6 2 (33-3) A 0 ( - )
3 Y ears 3 0 A 0 ( - )
T o ta l 50 16 (3 2 )
... ......... ....  ' ... ™
50 7 (1A)
(F ig u r e s  i n  b r a c k e t s  a re  p e r c e n t a g e s .  )
The f a t a l i t y  r a t e  was h ig h  i n  b o th  Groups A and B f o r  
c h i l d r e n  o f  s i x  months and under. In  Group A i t  w as  5 A p e r  c e n t  
and i n  Group B AA p e r  c e n t .  In  c h i l d r e n  aged from s i x  months to  
one y e a r  the  f a t a l i t y  r a t e  i n  Group A ( th e  p e n i c i l l i n  t r e a t e d  grow 
was 71 p e r  c e n t ,  as compared w ith  20 y e r  c e n t  i n  Group B ( th e  
p e n i c i l l i n  and su lphonam ide t r e a t e d  gro u p ). The f a t a l i t y  r a t e  in  
c h i l d r e n /
• -  f^ -
c h i l d r e n  aged from one to  two y e a r s  was i n  Group A 5»8 p e r  c e n t
and i n  Group B i t  was 6 * 6  p e r  cent* T h is  was th e  o n ly  age g r o u p
i n  which th e  f a t a l i t y  r a t e s  were more o r  l e s s  equal* In  c h i ld r e n  
i n  th e  th r e e  o r  fo u r  y e a r s  o l d  group, th e  f a t a l i t y  r a t e  was a g a in  
h ig h ,  i n  th e  p e n i c i l l i n  t r e a t e d  c a s e s ,  i t  was 33*3 p e r  c e n t  b u t  
i n  the p e n i c i l l i n  and sulphonam ide t r e a t e d  c a s e s  th e r e  were no 
deaths* In  c h i ld r e n  o f  fo u r  o r  f i v e  y e a r s  o f  age th e r e  were no
d e a th s  i n  e i t h e r  group A o r  B*
Thus i n  a l l  th e  age groups w ith  the e x c e p t io n  o f  
c h i l d r e n  o f  two y e a r s  o f  age , th e  f a t a l i t y  r a t e  i n  th e  p e n i c i l l i n  
t r e a t e d  group was much h ig h e r  than i n  th e  p e n i c i l l i n  and 
su lphonam ide t r e a t e d  group* I n  th e  50 c a s e s  t r e a t e d  by p e n i c i l l i n  
a lo n e  i t  was 32 p e r  c e n t  a s  compared m th  14 p e r  c e n t  i n  th o s e  
t r e a t e d  w ith  sulphonam ideLahd p e n i c i l l i n *
The d i f f e r e n c e  i n  f a t a l i t y  r a t e s  b e tw een  t h e  two groups  
o f  c a s e s  i n  r e l a t i o n  to the age o f  the p a t i e n t  were as f o l l o w s  
In  p a t i e n t s  aged s i x  months and under, 10 p e r  c e n t  h ig h e r  i n  
Group A than i n  Group B*
I n  p a t i e n t s  aged from s i x  months to  one year, 51 p e r  c e n t  h ig h e r  
i n  Group A than  i n  Group B*
In  p a t i e n t s  aged from two to th r e e  y ea rs ,  33*3 p e r  c e n t  h ig h e r  
i n  Group A than i n  Group B*
I n  p a t i e n t s  aged from th r e e  t o  f o u r  y e a r s ,  33*3 p e r  c e n t  h ig h e r  
i n  Group A th an  Group B,
THE/
THE DURATION OF THE ILLNESS BEFORE THERAPY y/AS'COMMENCED AND
ITS INFLUENCE ON THE FATALITY RATE., .: _
I t  would be e x p e c te d  t h a t  the lo n g e r - a  p a t i e n t  i s  i l l
b e f o r e  a p ro v ed  form o f  th erap y  i s  i n s t i t u t e d  th e  f ir m e r  h o ld
th e  d i s e a s e  would o b t a in  and thermo re  d i f f i c u l t  i t  would be to
c u r e .  The d i s t r i b u t i o n  o f  th e  c a s e s  i n  the  two groups A and B
w ith  reg a rd  to th e  day o f  i l l n e s s  b e f o r e  th era p y  was i n s t i t u t e d
and - th e ir  ■ c o r r e sp o n d in g  f a t a l i t y  r a t e s  a re  shown i n  T ab le  ho, 13
s e t  f o r t h  below ,
TABLE HQ. 1 3 .
THE DISTRIBUTION Off THE CaSES IE THE VARIOUS D.aYS OF IILIIESS 
BEFORE THERAPY WAS G QMSIED'CED Y/ITHF AT AL1T Y RATES,
D u r a t io n  o f  I l l n e s s  
B e fo r e  T reatm ent,
.Crl
Ho, o f  
c a s e s .
’oup A.
S o . ” o f  
D ea th s ,  -
G-rou
Ho. o f  
C a ses .
p B,
‘ h o .  O f
D eaths.
1 Day. 0 3 (8p) 6 1 ( 1 6 . 6 )
2 Days. 18 5 ( 2 7 . 7) 27 3 ( 11 . 1 }
3 Lays, 16 ^ ( 2 5 ) 9 1 ( 1 1 . 1 )
A Days, 3 0 '3 0 ( - )
3 Days. 3 0 ( - ) 0 0 ( - )
5 -  1 0 . k 2 ( 5 0 ) 5 2 (ho)
T o t a l . 50 ■ 16 ( 3 2 ) 30 7 (n)
( F ig u r e s  i n  b r a c k e t s  are p e r c e n t a g e s ) .
I t  w i l l  be  n o ted  t h a t  i n  G-roup a  the h i g h e s t  f a t a l i t y  
r a t e  o c c u r r e d  i n  th e  c a s e s  a d m itted  i n  t h e i r  f i r s t  day o f  i l l n e s s :  
83 p e r  c e n t .  I t  th en  dropped to  zero  i n  the  f o u r th  and f i f t h  days 
b u t /
- 5 8 -
.bu t r o s e  s h a r p ly  a g a in  i n  th e  f i f t h  to  te n th  day to  50 p e r  c e n t .
I n  Group 5 th e  f a t a l i t y  r a t e  was h ig h  i n  th o se  c a s e s  a d m itted  i n
t h e i r  f i r s t  day o f  i l l n e s s ,  b e in g  1 6 .6  p e r  c e n t ,  dropping  from 1 1 ,1
p e r  c e n t  on th e  seco n d  and t h i r d  days to  zero  i n  th e  f o u r t h  and
f i f t h  days o f  i l l n e s s ,  r i s i n g  a g a in  d u r in g  th e  f i f t h  to t e n th  day
to 1+0 p e r  c e n t .  I t  was s u r p r i s i n g  t h a t  th e  f a t a l i t y  r a t e  sh ou ld
have b e e n  so  h ig h  f o r  c a s e s  i n  which t r e a tm e n t  was i n s t i t u t e d  a t  an
e a r ly  s t a g e ,  and i t  was d e c id e d  to  i n v e s t i g a t e  th e  typ e  o f  p a t i e n t
w ith  regard  to age , a d m itted  w i t h in  th e  f i r s t  two days o f  i l l n e s s .
T a b les  Nos. li+ and Ip  i l l u s t r a t e  th e  d i s t r i b u t i o n  o f  th e  c a s e s  w ith
regard  to age a d m itted  i n  th e  f i r s t  and seco n d  days o f  I l l n e s s
r e s p e c t i v e l y ,  '
TABLE NO, 1U.
DISTRIBUTION 0? CnSES I f  THEIR VARIOUS AGE GROUPS, V7HIGH WERE 
ADMITTED IN THE FIRST DAT OF ILLNESS.
Age o f  
P a t i e n t ,
Group 
Ho, o f  
Cases*
A.
Ho* o f  
D eath s.
Gro'
Ho, o f  
C a ses ,
up B.
Ho. o f  
D eath s,
1 Year & 
Under, - 3 ( io o ) 3 1 ( 2 0 )
2 Y ears & 
Under* 2 1 ( 5 0 ) 1 - ( - )
3 Y ears , 1 1 ( 1 0 0 ) - - ( - )
h Y ea rs , - -
5 Y ears , -
T o t a l .  j - 6 5 ( 8 3 .3 ) 6 1 ( 1 6 . 6 )
( F ig u r e s  i n  b r a c k e t s  are r )e r c e n ta g e s ) .
a o _ ^
TABLE BO* 1 5 .
DISTRIBUTION OF CA553 IL THE VARIOUS A.GE GROUPS, WHICH W ER] 
ADMITTED IN THE SECOND DAY OF ILLKE3S.
Age o f  
P a t i e n t ,
Groi
I\o, o f  
C a ses .
ip A*
Ho, o f  
D ea th s ,
Grou 
Ho, o f  
C a ses .
P 3 ,
Ho, o f  
D ea th s .
1 Year & 
Under, rO h ( 66 , 6 ) Q 2 ( 22 , 2 )
2 Y ears & 
Under, Li. 8
3 Y ea rs , 3 - 3
U. Y ea rs , 3 1 ( 3 3 .3 ) 2 -
5 Y ears , 2 3
T o t a l , 18 5 ( 2 7 .7 ) 27 2 (7 .  k)
(F ig u r e s  i n  b r a c k e t s  are p e r c e n t a g e s ) ,
The 6 c a s e s  i n  GrouiD A which w ere a d m itted  i n  t h e i r  
f i r s t  day o f  i l l n e s s  w ere th r e e  y e a r s  o f  age and under, and f i v e  
o f  them d ie d  g i v i n g  a- f a t a l i t y  r a t e  o f  83*3 p e r  c e n t .  In  Croup 
B th e r e  were 6 c a s e s  and a l l  were under two y e a r s  o f  age. In  
f a c t ,  f i v e  o f  the p a t i e n t s  were i n f a n t s  o f  one y e a r  o f  age and 
under, and i t  was i n  t h i s  group t h a t  th e  o n ly  d ea th  o c c u r r e d .
Thus th e  g r e a t  m a jo r i t y  o f  c a s e s  ad m itted  i n  t h e i r  f i r s t  day o f  
i l l n e s s  were i n f a n t s  o f  one y e a r  o f  age and under, the p e r c e n ta g e  
f o r  Group A was 50 and Group B 83*3* The d i f f e r e n c e  i n  th e  
f a t a l i t y  r a t e s  was rem arkable  c o n s id e r in g  th e  f a c t  t h a t  th e r e  were  
a g r e a t e r  number o f  i n f a n t s  o f  one y e a r  o f  age and under i n  Group
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B, i n  which th e  f a t a l i t y  r a t e  was l o w e s t  b e in g  20 p e r  c e n t ,  
as compared w ith  100 p e r  c e n t  i n  Group A. From T a b le  Ho, 15  
i t  w i l l  be  s e e n  t h a t  th e r e  was a more ev en  d i s t r i b u t i o n  o f  
th e  c a s e s  i n  th e  se c o n d  day o f  i l l n e s s  o v e r  a l l  th e  age groups,  
b u t  the i n c i d e n c e  o f  th e  d i s e a s e  was s t i l l  h i g h e s t  i n  c h i ld r e n  
up to two y e a r s  o f  age.
A g a in  th e r e  i s  a marked d i f f e r e n c e  i n  the  f a t a l i t y  
r a t e s  which a r e  h ig h e r  i n  th e  c a s e s  t r e a t e d  by p e n i c i l l i n  a lo n e ,  
than  i n  th e  p e n i c i l l i n  and su lphonam ide t r e a t e d  group. For  
exam ple s i x  c h i l d r e n  o f  one y e a r  o f  age and under were t r e a t e d  
i n  Group A, w ith  a f a t a l i t y  r a t e  o f  6 6 ,6  p e r  c e n t ,  a s  compared 
w ith  a f a t a l i t y  r a t e  o f  2 2 ,2  p e r  c e n t  i n  Group B.
The r e s u l t s  o b ta in e d  from th e  u se  o f  p e n i c i l l i n  and 
su lphonam ide were i n f i n i t e l y  b e t t e r ,  r e g a r d l e s s  o f  the  d u r a t io n  
o f  i l l n e s s  b e f o r e  tr e a tm e n t  was i n s t i t u t e d ,  th a n  th a t  o b t a in e d  
from the u s e  o f  i n t r a t h e c a l  p e n i c i l l i n  a lo n e .
g r o u p  X




1 3 5 7 9 11 13 15 17 19
1000 + 48 36 10 2 1 'Amt
750 -  iooo 4 13 5 2 1 I
450-750 S S S 1 13 9 5 3 A/
150-450 2 a 6 19 IS 7 6 3 2 1
0  - 1 5 0 6 3 15 4 3
No.af,&muUttaitCC15CS S A S 6 l4r 27 31 34 34
Total no. of 
Deaths. 7 8 9 10 12 13 13 13 15**
T otal 50 50 5«? 5 ° 50 50 50 50 50 5 0




1 3 5 r 9 11 13 15 17 19
8 0 - 9 0 4S 26 11 3 2 1
7 0 - 8 0 1 11 6 4 3
6 0 -  70 1 6 19 r S 3 1 AS •*/ A*
5 0 - 6o /V< >w 1 4 2 /V /V /V
OtO /V' 2 i 2 10 5 z 1 1 1
tjr O t O 3 6 7 2 L 2 2 /%/
-So /V/ /«W 5 7 13 6 3 'X /
Ko-ofComiisttai
Cans -'V' 6 14 27 31 34 34
Total tw. of 
Deaths /■V. 7 8 10 12 13 13 13 •*•15
Total 5^ 50 50 So So 50 50 50 50 -50
»  . ±__ I U —  iil.iUMS- » L— ■  ....I
Otw otW cti&l an the, 6 4™ daj/.
g r o u p  “b !




1 3 5 7 9 11 13 15
1000+ 50 31 ■4 ✓** /% / /■V
750-1000 6 2 ,v + *
450-750 5 19 4 2 /V" A *
150 -  450 /■V 1 19 23 . 5 t A * /V<
O * Ot O i s 2o 6 1 s
Naof Cewalesaat 
C a se s
/*✓ «v 16 36 42 43
Total « a  of 
Deaths. /% / 5 6 7 7 7 7 T
Total. SO 80 50 50 5 0 50 5^ 50




1 3 5 7 9 11 13 1 5
8 0 - 9 0 50 26 5 1 1 A S* /■V
7 0 - 8o 14 6 5 A * A m -v.
60-70 4 i 2 4 3 l A *
5O- 6 0 1 7 /-V- "V A S A *
4o -5 o 9 10 1 Am As
3 o-4 o ‘A 5 13 3 % /A S
-3 0 -v 'V' i 2 18 4 1 * » /
Alo.ofUtwahscati
Cases * * 1 6 3 6 4 2 4 3
To ta t No. of
Deaths. '-W 5 6 7 7 7 7 7
Total 50 SO 5 0 5 ^ 5 0 5D 5 0 5 0
THE TOTAL AND DIPPERSHTIAL CELL COURT AS AU DEDICATION 0? THE
RATE OF RESOLUTION OF THE DISEASE PROCESS.
As e x p la in e d  i n  an e a r l i e r  c h a p te r  a t o t a l  and 
d i f f e r e n t i a l  c e l l  count on the c e r e b r o s p in a l  f l u i d  was perform ed  
a f t e r  each lumbar p u n c tu r e ,  th e  r e s u l t s  have b e e n  ta b u la t e d  i n  
t a b l e s ,  1 6 , 1 7 9 I S ,  19 on the  o p p o s i t e  p age . I t  was n o ted  t h a t  
p r a c t i c a l l y  a l l  c a s e s  i n  both  groups had on a d m is s io n  a t u r b id  
f l u i d  w ith  a c e l l  count o f  1000 p lu s  c e l l s  p e r  c.m.m. As th e  
c o n d i t i o n  im proved, how ever, th e  t o t a l  c e l l  count s t e a d i l y  dropped  
and the  p r o p o r t io n  o f  p o lym orp h on u clear  l e u c o c y t e s ,  which a t  f i r s t  
formed o v e r  80 p e r  c e n t  o f  the t o t a l  c e l l s ,  f o l lo w e d  a p a r a l l e l  
c o u r s e  b e in g  r e p la c e d  by ly m p h o cy tes .
I n  Group A, a t  th e  i n i t i a l  lumbar p u n c tu r e ,  th e  
c e r e b r o s p in a l  f l u i d  i n  1+8 c a s e s  was. t u r b id  and had a t o t a l  c e l l  
cou n t o f  1000  p l u s  c e l l s  p e r  c.m.m. The two rem ain ing  c a s e s  i n  
Group A had c e l l  cou n ts  o f  220 and 320 c e l l s  p e r  c.m.m. 
r e s p e c t i v e l y .  Both t h e s e  c a s e s  were found s u b s e q u e n t ly  to  have  
d e v e lo p e d  h y d r o c e p h a lu s .
On the  t h i r d  day o f  h o s p i t a l  trea tm en t  the c e l l  co u n ts  
were a g a in  h ig h ,  t h i s  b e in g  p a r t i c u l a r l y  tr u e  o f  th e  Group A c a s e s ,  
which had r e c e iv e d  an i n t r a t h e c a l  d ose  o f  5 0 ,0 0 0  u n i t s  o f  p e n i c i l l i n .  
There were 36 c a s e s  i n  Group A w ith  f l u i d s  which had a t o t a l  c e l l  
cou n t o f  1000 p lu s  c e l l s  p e r  c.m.m* Pour c a s e s  had t o t a l  c e l l  
co u n ts  r a n g in g  b e tw een  730 to  1000 c e l l s  p e r  c.m.m* two o f  the  
c a s e s  i n  t h i s  group were a t  a l a t e r  d a te  found  to  have d ev e lo p ed  
h y d r o c e p h a lu s ,  and th e  o t h e r  two had low  c e l l  c o u n ts  of) a d m is s io n  
o f  1 ,2 0 0  and 1,1+20 c e l l s  p e r  c.m.m. r e s p e c t i v e l y .  One c a s e  had 
a c e l l  cou n t o f  1+22 c e l l s  p e r  c.m.m. and sh e  was a l s o  found a t  a 
l a t e r  d a te  to have d ev e lo p ed  h y d r o c e p h a lu s .  There were two c a s e s  
which had p a r t i c u l a r l y  low  c e l l  c o u n ts  on  the  t h ir d  day o f  
tr e a tm e n t .  One/
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One o f  them had a low  c e l l  cou n t on a d m is s io n ,  and, as already-  
e x p la in e d ,  h y d r o c e p h a lu s  had d e v e lo p e d .  The o t h e r  c a s e  was 
m o d e r a te ly  i l l  on a d m is s io n  and had a t o t a l  c e l l  cou n t o f  1000  
p l u s  c e l l s  p e r  c.m.m. There was a marked d e c r e a s e  i n  the t o t a l  
c e l l  co u n t  on  su b se q u e n t  days and th e  p r e s s u r e  was s l i g h t l y  reduced.
The p a t i e n t  was v e r y  l e t h a r g i c ,  and the  q u e s t io n  o f  h y d ro cep h a lu s  
h a v in g  d e v e lo p ed  was c o n s id e r e d .  However, no d e f i n i t e  e v id e n c e  was 
o b t a in e d ,  th e  p a t i e n t  made a good r e c o v e r y ,  and was d isc h a r g e d  on  
th e  92nd day i n  h o s p i t a l ,  a f t e r  a lo n g  c o n v a le s c e n c e .
On th e  f i f t h  day o f  tr e a tm e n t  i n  Group A th e  t o t a l  c e l l  
c o u n ts  were s t i l l  h ig h .  I n  10 c a s e s  t o t a l  c e l l  co u n ts  o f  1000  
p l u s  c e l l s  p e r  c.m.m. were r e c o r d e d  and i n  th e  rem ain der  th e y  
v a r ie d  from 130 to  1000 c e l l s  p e r  c.m.m.
I t  was n o t  u n t i l  th e  s e v e n th  day o f  tr e a tm e n t  i n  h o s p i t a l  
t h a t  th e  c e r e b r o s p in a l  f l u i d  showed a marked in p rovem ent.  U n t i l  
th en , th e  p a t i e n t s  had d i s t i n c t l y  o p a l e s c e n t  f l u i d s ,  but a t  t h i s  
s t a g e  i n  s i x  c a s e s  th e  c e r e b r o s p in a l  f l u i d s  had t o t a l  c e l l  cou n ts  
o f  b e lo w  130 c e l l s  p e r  c.m.m. and appeared  c l e a r .  Prom t h i s  
d a te  onwards the  number which had c l e a r  f l u i d s  g r a d u a l ly  in c r e a s e d ,
and by the 1 7 th  day a l l  the  c a s e s  which r e c o v e r e d  had c l e a r  f l u i d s .
I n  Group B a l l  th e  c a s e s  had tu r b id  f l u i d s  on  a d m iss io n
w ith  t o t a l  c e l l  co u n ts  o f  1000 p l u s  c e l l s  p e r  c.m.m. By the  
t h ir d  day o f  tr e a tm e n t ,  31 c a s e s  had a g a in  t o t a l  c e l l  co u n ts  
o f  1000 p lu s  c e l l s  p e r  c .m .m .,  8 had c o u n ts  r a n g in g  b etw een  750  
and 1000 c e l l s  p e r  c .m .m .,  3 h a d 'c o u n ts  o f  b e tw een  i+30 and 750  
c e l l s /
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c e l l s  p e r  c .m .m ,,  and one  c a se  had a t o t a l  c e l l  count o f  1+00 
c e l l s  p e r  c.m.m. A l l  the  c a s e s  which d em on stra ted  such  low  
c e l l  c o u n ts  on  th e  t h ir d  day o f  tr e a tm e n t  were m o d e r a te ly  i l l ,  
and t h e i r  f l u i d  a t  th e  i n i t i a l  lumbar p u n c tu r e  was not so  
tu r b id  as t h o s e  o f  th e  o t h e r  c a s e s .
By th e  n in th  day o f  tr e a tm e n t  i n  h o s p i t a l  th e r e  were 
20 c a s e s  whose c e r e b r o - s p i n a l  f l u i d s  had t o t a l  c e l l  co u n ts  o f  
b e lo w  150 c e l l s  p e r  c.m.?n., and appeared  c l e a r .  A l l  the  c a s e s  had 
c e l l  co u n ts  b e lo w  150 c e l l s  p e r  c .m .m .,  by th e  f i f t e e n t h  day o f  
tr e a tm e n t .  With reg a rd  to th e  d i f f e r e n t i a l  c e l l  cou n ts  o f  th e  
c e r e b r o s p in a l  f l u i d  i t  was fou nd  t h a t  th e  c e l l s  were, a t  f i r s t ,  
m a in ly  p o ly m o rp h o n u c lea r  b u t  as th e  c o n d i t io n  o f  th e  p a t i e n t  
im proved, th e y  g r a d u a l ly  d e c r e a s e d  i n  number and were r e p la c e d  by 
ly m p h o c y te s .  By th e  1 1 th  day i n  Group A and th e  9 th  day i n  
Group B t h e  c e l l s  were m ain ly  ly m p h o cy tes .
On com paring th e  two groups o f  c a s e s  A and B i t  was 
found t h a t  t h e  t o t a l  and d i f f e r e n t i a l  c e l l  c o u n ts  showed e v id en ce  
o f  improvement a t  a much e a r l i e r  s t a g e  i n  Group B c a s e s  than i n  
Group A. F o r  example i t  was not u n t i l  th e  1 7 th  day i n  Group A 
t h a t  a l l  th e  c a s e s  which r e c o v e r e d  had t o t a l  c e l l  co u n ts  b e lo w  
150 c e l l s  p e r  c.m.m. Whereas i n  Group B t h i s  was a t t a i n e d  by  
th e  1 5 th  day. I n  Group B, 36 o u t  o f  1+3 c a s e s  w hich r e c o v e r e d  
had c l e a r  f l u i d s  by  th e  1 1 th  day, and i n  Group A i t  was n o t  
u n t i l  th e  1 3 th  day t h a t  a s i m i l a r  r e s u l t  was o b ta in e d ,  when 
31 o u t  o f  th e  31+ c a s e s  had c l e a r  f l u i d s .
—61+ ~
THE DURATIOK OP PYREXIA.
The tem p eratu re  as a lr e a d y  o b se r v e d  was no c r i t e r i o n  o f  
s e v e r i t y  and ten d ed  to  f o l l o w  a v e r y  i r r e g u l a r  c o u r s e ,  W hile  
th e  d i s e a s e  p r o c e s s  was a c t i v e  i t  was u n s e t t l e d  and was g e n e r a l l y  
e l e v a t e d  b u t  as the i n f e c t i o n  was a r r e s t e d  and the  in flam m atory  
p r o c e s s  s u b s id e d  i t  tended  to assume a more normal course# The 
d u r a t io n  o f  p y r e x ia  i n  the c a s e s  which r e c o v e r e d  i n  b o th  groups  
a re  shown below  i n  Table Ho, 20.
TABLE HO, 20.
DURATIOK OP PRIMARY PYREXIA IE BOTH GROUPS,
D u r a t i o n  o f  P r im a r y  f y r e x i a  i i i dajrs,
]_ 2 3 j b r-J 6 7 8 9 10 11 12 13
Ho. o f  C ase s  
Group A, i l b 1+ r-P b 2 1 1 2
Ho, o f  C a se s  
Group B. 1 3 h \ u 11 k 8 O' 1
The d u r a t io n  o f  p y r e x ia  i n  Group A ranged from  t h r e e  to  
t h i r t e e n  d ays, and i n  Group B from one to e l e v e n  days. By th e  
end o f  th e  s e v e n th  day o f  tr e a tm e n t  th e  tem p eratu re  had s e t t l e d  
i n  19 c a s e s  o u t  o f  th e  3b cured (5 5 * 8  pen  c e n t )  i n  Group A and 
i n  Group B i n  1+2 o u t  o f  th e  1+3 c a s e s  (97*6  p e r  c e n t ) .  I t  was 
n o t u n t i l  th e  t e n th  day o f  tr e a tm e n t  t h a t  a s i m i l a r  number i n  
Group A ( 8 8 *2 p e r  c e n t )  had normal tem p e r a tu r e s ,  'F o l lo w in g  the  
r e tu r n  to normal o f  the tem p era tu re , and th e  c e r e b r o s p in a l  
f l u i d /
f l u i d ,  and the d isa p p e a r a n c e  o f  th e  o t h e r  s ig n s  and symptoms 
o f  th e  d i s e a s e ,  th e  p a t i e n t s  were k e p t  i n  h o s p i t a l  f o r  a t  
l e a s t  a f u r t h e r  f o u r t e e n  d ays,  t h i s  depended on  t h e i r  p r o g r e s s  
and g e n e r a l  h e a l t h  i n  c o n v a le s c e n c e .
COMPLICATIONS OCCURRING IN BOTH GROUPS OF CASES.
The c o m p l ic a t io n s  and s e q u e la e  which o c c u r r e d  were 
c l a s s i f i e d  i n t o  two main groups; th o s e  which were d i r e c t l y  
a t t r i b u t a b l e  to  th e  m e n in g i t i s  such as s tr a b is m u s  and 
h y d r o c e p h a lu s ,  and t h o s e  due to o t h e r  i n f e c t i o n s  such as  
e n t e r i t i s  and pneumonia.
T h e ir  d i s t r i b u t i o n  i n  Groups A and B are  shown i n  th e  
accom panying T a b le s  Ho. 21 and 22.
TABLE HO. 2 1 .
DISTRIBUTION OF GASES IN THE TWO GROUPS DEVELOPING 
STRABISMUS OR HYDROCEPHALUS.




DISTRIBUTION OF CASES IN GROUPS A AND B DEVELOPING ENTERITIS
OR PNEUMONIA.
Group. G a s t r o - E n t e r i t i s . Pneumonia.
A. 5 0
B. 1 1
I n t e r n a l /
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I n t e r n a l  h y d ro cep h a lu s  was th e  o n ly  s e q u e la  o f  th e  
m e n i n g i t i s .  I t  o c c u r r e d  i n  5 c a s e s  i n  Group A, and a l l  
p ro v ed  f a t a l .  There were no c a s e s  i n  Group B which d e v e lo p ed  
h y d r o c e p h a lu s .  The 10 p e r  c e n t  in c id e n c e  o f  t h i s  s e q u e la  i s  
h ig h e r  th a n  t h a t  o f  th e  S c o t t i s h  S c i e n t i f i c  A d v iso r y  Committee  
( 19I4.I4.) who r e p o r te d  2 p e r  cent for serum :treated p a t i e n t s  and f o r  
su lphonam ide t r e a t e d  b etw een  2 and 3 p e r  c e n t .
I n t e r n a l  h y d ro cep h a lu s  i s  u s u a l l y  a s s o c i a t e d  w ith  
c a s e s  which h a v e  become s u b a c u te ,  b u t  i t  does o c c u r  a t  a 
c o m p a r a t iv e ly  e a r l y  s t a g e .  (W orster-D rou gh t and Kennedy 1 9 1 9 ) .  
In  f a c t  Gordon (q u o te d  from B r i t o n  19U1) r e p o r t s  t h a t  i t  
o c c u r r e d  i n  some o f  h i s  c a s e s  as e a r l y  as  th e  8 th  day o f  i l i n e s s »  
how ever, B r in to n  ( I 9 h l )  p o in t e d  o u t  t h a t  i t  i s  n o t  th e  ca u se  
o f  symptoms u n t i l  t h e  a c u te  p h a se  i s  s u b s id in g .  I t s  c l i n i c a l  
o n s e t  i s  o c c a s i o n a l l y  ab ru p t,  b u t  much more f r e q u e n t l y  
i n s i d i o u s .  Headache accom panied by v o m it in g  b e g in s  e a r l y  
and i n c r e a s e s  to  an i n t o l e r a b l e  s e v e r i t y .  P r o g r e s s iv e  
d em en tia  f o l l o w s  and th e  body s lo w ly  w a s te s  t i l l  l i t t l e  more 
th a n  s k i n  and b o n es  rem ain. In  i n f a n t s  th e r e  i s  v i s i b l e  
e n la rg em en t  o f  th e  head, due to  s e p a r a t i o n  o f  th e  c r a n i a l  
s u t u r e s .
The s i g n s  and symptoms o f  h y d ro cep h a lu s  d e v e lo p e d  i n  
two c a s e s  who s u r v iv e d  to the  6 7 th  and 2 5 th  day o f  i l l n e s s ,  
r e s p e c t i v e l y .  No s ig n s  o f  symptoms d e v e lo p e d  i n  th e  o th e r s  
who d ie d  i n  t h e i r  5 th ,  1 3 th  and l h t h /
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11+ th  days o f  i l l n e s s  r e s p e c t i v e l y ,  a d e f i n i t e  d ia g n o s i s  o f  
h y d ro cep h a lu s  was e s t a b l i s h e d  a t  a u to p sy .  The p a t i e n t  who 
d ie d  i n  h i s  f i f t h  day o f  i l l n e s s  was aged 3 y e a r s ,  and was 
re p u te d  to  be i n  h i s  l+th day o f  i l l n e s s  on a d m iss io n .  He 
was s e v e r e l y  i l l  and had marked r e t r a c t i o n .  A t a u to p sy  he  
was fo u n d  to  have b a s a l  a d h e s io n s ,  w i th  pus c o v e r in g  th e  
w h ole  o f  the b r a in ,  and th e  l a t e r a l  v e n t r i c l e s  were d i s t e n d e d  
w ith  f l u i d .  The f in d i n g s  a t  a u to p sy ,  t o g e t h e r  with  h i s  
c o n d i t i o n  on  a d m iss io n ,  s u g g e s t e d  t h a t  th e  i l l n e s s  had b een  
o f  l o n g e r  d u r a t io n .
The d i s t r i b u t i o n  o f  the  c a s e s  w ith  reg a rd  to a g e ,  
d u r a t io n  o f  i l l n e s s  b e f o r e  b e i n g  a d m it te d  to h o s p i t a l ,  and 
d u r a t io n  o f  tr e a tm e n t  i n  h o s p i t a l  b e f o r e  d ea th  o c c u r r e d ,  are  
shown i n  th e  accom panying T able  Ho. 23.
TABLE HO. 23 .
DISTRIBUTION OF GASES DEVELOPIMG HYDROCEPHALUS.
C ase. A ge.
D u r a t io n  o f  
I l l n e s s  on  
A d m iss io n ,
I te r a t io n  o f  I l l n e s s  1 
i n  H o s p i t a l  b e f o r e  j 
D eath .
1 E.B. 6 Weeks. 5 Days.
1
8 Days.
2 M.G. 11 " 6 " 19 11
3 D.H. 8 Months. 2 " 12 "
k  O.Mc. 3 Y ears . h  " 1 Day. {
5 E .S . k- " 3 " Gh Days. j
I t  was rem arkable t h a t  h y d ro cep h a lu s  d id  n o t  appear i n
a n y /
any o f  t h e  c a s e s  t r e a t e d  w i t h  s u lp h o n a m i d e  and p e n i c i l l i n *  Th in  
n ay  b e  due to  t h e  f a c t  t h a t  t h e  d i s e a s e  i n  t h e  p e n i c i l l i n  
t r e a t e d  g ro u p  r a n  a l o n g e r  c o u r s e ,  and  t h u s  t h e  r i s k  o f  p a s s i n g  
i n t o  a s u b - a c u t e  s t a g e  was g r e a t e r *
STRABISMUS,
I n  Group A none o f  t h e  p a t i e n t s  d e v e l o p e d  s t r a b i s m u s ,  
w h i l e  i n  Group B i t  a p p e a r e d  i n  two c a s e s  i n  t h e i r  f o u r t h  and 
e i g h t h  day o f  i l l n e s s  r e s p e c t i v e l y .  The c o n d i t i o n  c l e a r e d
up b e f o r e  t h e  p a t i e n t  was d i s c h a r g e d .  S t r a b i s m u s  g e n e r a l l y
a p p e a r s  i n  t h e  a c u t e  s t a g e  o f  t h e  i l l n e s s ,  and o c c u r s  a s  a 
r e s u l t  o f  i n j u r y  to  t h e  6 t h  n e r v e ,  w h ich  i s  more l i a b l e  to  be 
a f f e c t e d  b e c a u s e  o f  i t s  l o n g  i n t r a c r a n i a l  c o u r s e .
I n  T a b le  h o .  21+ b e low ,  t h e  c a s e s  w h ich  d e v e l o p e d  
s t r a b i s m u s  a r e  s e t  f o r t h ,  w i t h  t h e  t im e  o f  o n s e t ,  and t h e  
d u r a t i o n  o f  s t a y  i n  h o s p i t a l ,
TABLE HO. 21+,
CASES WHICH DEVELOPED STRABISMUS.
C ase Age,
Day o f ’ I l l n e s s  
On A d m is s io n .
Day o f  
D e v e lo p ­
m en t  a f t e r  
A d m is s io n .
R e s u l t
o f
T r e a t ­
ment ,
D u r a t i o n  
o f  S t a y  
i n
H o s p i t a l .
tl • R* V 1 2 6 2 C ured . 50 Days.
M. T. 1 0 / 1 2 1 3 Cured . M-3 Days, j
ERTERITIS.
T h i s  c o m p l i c a t i o n  d e v e l o p e d  i n  5 c a s e s  i n  Group A,
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i n  one  c a s e  i n  Group B. T a b l e s  Ho. 25 and 26 show t h e  
d i s t r i b u t i o n  o f  t h e  c a s e s  i n  b o t h  g r o u p s .
CASES DEVELOPING- GASTRO-BUTERITIS, SHODIRG DAY OF ILLNESS




C a s e , Age,
D u r a t i o n  o f  
I l l n e s s  b e f o r e  
Admiss ion*
D a te  o f  
O n s e t  
In  Ho sp. R e s u l t *
Days 111 i n  
Hosp. B e fo re  
D e a th ,
1 B,K. 6/1 2 3 Days. 2nd Day. D ie d . 11 Days.
2 D.Mc. 7 / 1 2 1 Day. 8 t h  5t D ied . 11 ”
3 L.Mc. 9/1 2 3 Days. 5 t h  ” Di ed • 5 "
k  J .  Me. 6 / 1 2 1 D ay * 7 t h  " D ied . 19 ”
5 J-C* 6 /1 2 2 Days. 9 t h  ,f Cured.
TABLE HO. 26.
DISTRIBUTION OF CASES DEVELOPIHG ENTERITIS*IN GROUP B,
Group B«
C ase , Age.
D u r a t i o n  o f  
I l l n e s s  b e f o r e  
A d m is s io n .
D a te  o f  
O n s e t  
i n  H o s p . . R e s u l t .
Days 111 i n  
Hosp. Before 
D ea th .  i
Am B , 13/1 2 3 Days. 28 t h  Day. C u red . -
Of t h e  5 c a s e s  i n  Group A w h ich  d e v e l o p e d  e n t e r i  t i e ,  
f o u r  p r o v e d  f a t a l .  I n  t h e  c a s e  w hich  s u r v i v e d ,  t h e  i n f e c t i o n  
d i d /
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d i d  n o t  d e v e l o p  u n t i l  t h e  1 1 t h  day  o f  i l l n e s s  and i t  vs/as n o t  
s e v e r e  and r e s p o n d e d  w e l l  t o  s u l p h a g u a n a d i n e .  The o n l y  c a s e  
i n  Group B wh ich  c o n t r a c t e d  e n t e r i t i s  r e c o v e r e d ,  t h e  c o n d i t i o n  
h a v i n g  made i t s  a p p e a r a n c e  o n  t h e  2 8 t h  day  o f  i l l n e s s  i n  
h o s p i t a l ,  d u r i n g  t h e  c o n v a l e s c e n t  s t a g e  o f  t h e  m e n i n g i t i s ,  and 
i t  r e s p o n d e d  w e l l  t o  s u l p h a g u a n a d i n e  and i n t r a p e r i t o n e a l  
s a l i n e s .
The d u r a t i o n  o f  i l l n e s s  b e f o r e  e n t e r i t i s  made i t s  
a p p e a r a n c e  i n  Group A a v e r a g e d  6 d a y s .  By t h e  6 t h  day  o f  
i l l n e s s . t h e  r e s i s t a n c e  o f  t h e  i n f a n t  w as ; s u f f i c i e n t l y  lo w e re d  
t o  p e r m i t  t h e  a c t i v a t i o n  o f  i n t e s t i n a l  o r g a n i s m s  w hich  a r e  
n o r m a l l y  n o n p a t h o g e n i c ,  and t h u s  i n c r e a s e d  t h e  s u s c e p t i b i l i t y  
to  bow el  i n f e c t i o n .  The p r e v a l e n c e  o f  e n t e r i t i s  a t  t h e  t im e  
t h e  c a s e s  were  t r e a t e d  i s  o f  i n t e r e s t .  I n  Group A on e  c a s e  
was a d m i t t e d  t o  h o s p i t a l  i n  A u g u s t ,  two c a s e s  i n  S e p te m b e r ,  
one  i n  O c t o b e r ,  and one i n  l lovember.  On c o n s u l t i n g  t h e  
h o s p i t a l  r e c o r d s  i t  'was fo u n d  t h a t  t h e  number o f  a d m i s s i o n s  
, o f  c a s e s  w i t h  e n t e r i t i s  i n  t h e  p e r i o d  A u g u s t  t o  November  
a v e r a g e d  a p p r o x i m a t e l y  2h -per. m onth  and o v e r  t h e  f i r s t  f i v e
m onths  o f  19U6, a v e r a g e d  a p p r o x i m a t e l y  6 p e r  month .  E n t e r i t i s
\
was c e r t a i n l y  more  p r e v a l e n t  a t  t h e  t i m e  when Group A c a s e s  
were  a d m i t t e d ,  b u t  a l l  t h e  c a s e s  d e v e l o p e d  t h e  d i s e a s e  o n  a n  
a v e r a g e  6 d a y s  a f t e r  a d m i s s i o n  to  t h e  ward#' a n a  t h e r e  was no 
e v i d e n c e  o f  c o n t a c t  i n  any form b e i n g  made w i t h  o t h e r  p a t i e n t s  
h a v i n g  t h e  d i s e a s e .
I t  i s  f e l t '  t h a t  t h e  l o n g e r  d u r a t i o n  o f  i l l n e s s  w i th  a 
c o r r e s p o n d i n g /
- 7 1 -
c o r r e s p o n d in g  lo w e r in g  o f  r e s i s t a n c e  i n  th e  p a t i e n t s  who 
were t r e a t e d  by p e n i c i l l i n  was a d e f i n i t e  f a c t o r  i n  
p r e d i s p o s i n g  to  th e  i n f e c t i o n .  In  a d d i t i o n  th e  
su lp h on am ides  a d m in is te r e d  to  the o t h e r  group o f  p a t i e n t s  
would have an i n h i b i t i n g  e f f e c t  on  some organ ism s, which  
m ight c a u se  o r  p r e d i s p o s e  to  the d i s e a s e .
Only one c a s e ,  which was i n  Group B, d e v e lo p e d  
pneumonia.
He was aged 1 8 /1 2  and was a d m itted  i n  h i s  second  
day o f  i l l n e s s  w ith  a h i s t o r y  o f  v o m it in g  and c o n v u l s io n s .  
The r e s p i r a t i o n s  were r a p id  and f i n e  c r e p i t a t i o n s  were  
heard  th r o u ^ io u t  b o th  lu n g s .  He d ie d  s i x  hours l a t e r .
A t a u to p sy  th e r e  was e v id e n c e  o f  pneumonia w ith  
b a s a l  a d h e s io n s  i n  th e  l e f t  lu n g .
CONCLUSIONS.
I n  ev e r y  f a c t o r  c o n s id e r e d ,  p e n i c i l l i n  u sed  i n  
co m b in a t io n  w i t h  su lphonam ide produced  th e  b e t t e r  r e s u l t s .
The f a t a l i t y  r a t e  i n  Group B c a s e s  was l e s s  by 18 p e r  c e n t  than  
i n  Group A. The d u r a t io n  o f  the p rim ary  p y r e x ia  was s h o r t e r  by  
a t  l e a s t  th r e e  d a y s ,  and the c e r e b r o s p in a l  f l u i d s  i n  th e  
p e n i c i l l i n  and su lphonam ide t r e a t e d  c a s e s  r e tu r n e d  to  normal 
much q u ic k e r .  The m a j o r i t y  o f  c a s e s  i n  Group B had c le a r  
f l u i d s  by the  e l e v e n t h  day, whereas i n  Group A t h i s  was n o t  
a t t a i n e d  by a s i m i l a r  number u n t i l  the  f i f t e e n t h  day.
The in c i d e n c e  o f  s e q u e la e  and c o m p l ic a t io n s  such as  
h y d r o c e p h a lu s  and e n t e r i t i s  were h ig h e r  by 10 and 8 p e r  c e n t  
r e s p e c t i v e l y  i n  th e  c a s e s  which were t r e a t e d  by i n t r a t h e c a l  
p e n i c i l l i n  a lo n e .  H ydrocephalus  was n o ted  to o c c u r  i n  10 per  
c e n t  o f  c a s e s  i n  Group A, and i t s  h ig h  in c id e n c e  was a t t r i b u t e d  
to  th e  f a i l u r e  o f  th e  p e n i c i l l i n  to c o u n t e r a c t  th e  d i s e a s e  i n  
i t s  e a r l y  s t a g e s ,  w ith  the  r e s u l t  t h a t  i t  became s u b a c u te .
E n t e r i t i s  was more p r e v a le n t  when the  c a s e s  i n  Group A 
were a d m it te d ,  b u t  the  c a s e s  which d e v e lo p e d  t h i s  c o m p l ic a t io n  
d id  n o t  do so u n t i l ,  on  an a v e r a g e ,  th e  s i x t h  day i n  h o s p i t a l .  
There was l i t t l e  doubt t h a t  the  p r o l o n g a t i o n  o f  th e  a c u te  s ta g e  
o f  the i l l n e s s ,  w ith  a co r r e sp o n d in g  w eakening o f  the p a t i e n t ’ s 
power o f  r e s i s t a n c e ,  p r e d is p o s e d  to the i n f e c t i o n .  In  a d d i t io n ,  
th e  su lphonam ide a d m in is te r e d  to th e  Group B c a s e s ,  would have  
an i n h i b i t i n g  e f f e c t  on some o rgan ism s which m ight ca u se
e n t e r i t i s .
T h e /
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The d i s e a s e  was n o te d  to  have m a n if e s te d  f e a t u r e s  which  
were o f  g r a v e r  p r o g n o s t i c  s i g n i f i c a n c e ,  i n  a few more c a s e s  i n  
Group A, th an  i n  Group B. However, th e  d i f f e r e n c e  o b t a in e d  i n  
th e  r e s u l t s  b e tw een  th e  two groups was so g r e a t  th a t  t h e s e  
f a c t o r s  c o u ld  have p la y e d  b u t  a s m a l l  p a r t .  There was l i t t l e  
doubt t h a t  the c h i e f  ca u se  o f  the  improvement i n  th e  r e s u l t s  
i n  Group B c a s e s  was the  form o f  th era p y  em ployed. The 
c o m b in a t io n  o f  su lphonam ide w ith  p e n i c i l l i n  was u n d o u b ted ly  
th e  b e t t e r  form o f  tr e a tm e n t .
CHAPTER V«
FREQUENCY DISTRIBUTION OF BACTERIOSTATIC TITRES 
OF PENICILLIN IN THE CEREBROSPINAL FLUID.
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3 ACT ERIOSTATIC TITHE RESULTS,
A f t e r  e a c h  lu m b a r  p u n c t u r e  t h e  b a c t e r i o s t a t i c  t i t r e
was d e t e r m i n e d ,  and  t h u s  an  e s t i m a t e  o f  t h e  c o n c e n t r a t i o n  o f
p e n i c i l l i n  r e m a i n i n g  i n  t h e  c e r e b r o s p i n a l  f l u i d  1+3 h o u r s  
a f t e r  i t s  i n t r a t h e c a l  a d m i n i s t r a t i o n  was o b t a i n e d .  A l t h o u g h  
t h e r e  were 50 p a t i e n t s  i n  e a c h  g ro u p  i t  was o n l y  i n  27 c a s e s  
i n  Group A, and 3h i n  Group B t h a t  s e r i a l  b a c t e r i o s t a t i c  
t i t r e s  were  r e c o r d e d .  The i n a b i l i t y  t o  e s t i m a t e  s e r i a l  t i t r e s  
i n  the. o t h e r  c a s e s  was i n f l u e n c e d  by  many f a c t o r s  s u c h  a s  t h e  
d e a t h  o f  t h e  p a t i e n t ,  c o n t a m i n a t i o n s  e t c .  The r e s u l t s  h av e  
b e e n ,  r e c o r d e d  i n  t h e  T a b l e s  No. 27 and 28 shown o n  t h e  o p p o s i t e  
p a g e .
T h e re  were 6 c a s e s  i n  Group A and 9 c a s e s  i n  Group E,
whose c e r e b r o s p i n a l  f l u i d  o n  a d m i s s i o n ,  b e f o r e  t h e  a d m i n i s t r a t i o n
o f  p e n i c i l l i n ,  i n h i b i t e d  t h e  g ro w th  o f  a s t a n d a r d  F l o r e y  
s t a p h y l o c o c c u s  i n  n e a t  s o l u t i o n .  On t h e  t h i r d  day  i n h i b i t i o n  
o f  g ro w th  o c c u r r e d  a t  a h i g h e r  d i l u t i o n  i n  o n l y  1+ c a s e s  i n  
Group A? and i n  5 c a s e s  i n  Group B. T h i s  was s u r p r i s i n g ,  
c o n s i d e r i n g  t h e  f a c t  t h a t  5-0,000 u n i t s  o f  p e n i c i l l i n  i n  Group 
A and 5 0 ,0 0 0  u n i t s  i n  Group B were  i n j e c t e d  i n t r a t h e c a l l y  1+8 
h o u r s  e a r l i e r .  The r i s e  i n  t i t r e  i n  one c a s e  i n  Group A was 
f ro m  i n h i b i t i o n  i n  n e a t  f l u i d  r e c o r d e d  a t  t h e  f i r s t  e s t i m a t i o n  
to  i n h i b i t i o n  o f  g ro w th  i n  a d i l u t i o n  o f  The r i s e  i n  t i t r e
i n  t h e  r e m a i n i n g  5 c a s e s  was f rom  no i n h i b i t i o n  to  i n h i b i t i o n  
i n  n e a t  f l u i d .  I n  Group B s i m i l a r  r e s u l t s  were r e c o r d e d .  One 
c a s e  showed a r i s e  i n  t i t r e  f rom  n e a t  f l u i d  t o  a d i l u t i o n  o f  
a n d /
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and th e  rem a in in g  4  c a s e s  from  no i n h i b i t i o n  to  i n h i b i t i o n  i n  
n e a t  f l u i d .
From th e  f i f t h  day onwards i n h i b i t i o n  o f  growth  
o c c u r r e d  i n  h ig h e r  d i l u t i o n s  show ing t h a t  th e  c o n c e n t r a t io n  
o f  p e n i c i l l i n  i n  th e  c e r e b r o s p in a l  f l u i d  was i n c r e a s i n g .  T h is  
was p a r t i c u l a r l y  t r u e  o f  th e  c a s e s  i n  Group A, f o r  by th e  7 th  
day i n h i b i t i o n  o f  growth o f  th e  F lo r e y  s ta p h y lo c o c c u s  was 
p roduced  i n  th e  f l u i d  o f  4  c a s e s  i n  a d i l u t i o n  o f  •§•, o f  21 
c a s e s  i n  n e a t  f l u i d ,  and i n  o n ly  2 c a s e s  was th e  c o n c e n t r a t io n  
o f  p e n i c i l l i n  i n  th e  f l u i d  i n s u f f i c i e n t  to  p r e v e n t  grow th.
The h i g h e s t  d i l u t i o n  r e c o r d e d  i n  Group A which i n h i b i t e d  th e  
grow th o f  th e  F lo r e y  s ta p h y lo c o c c u s  was and t h i s  l e v e l  
was n o t  rea ch ed  u n t i l  th e  9 th  day. I n  Group B th e  t i t r e s  
d id  n o t  r i s e  to  th e  same e x t e n t ,  t h e  h i g h e s t  d i l u t i o n  a t  
which growth was i n h i b i t e d  was and th e r e  were s e v e r a l  c a s e s  
whose f l u i d  ev en  when convalescence ?/as approached d id  n o t  
c o n t a in  a d e t e c t a b l e  q u a n t i t y  o f  p e n i c i l l i n .
From the r e s u l t s  i t  appeared  t h a t  the  r a t e  o f  
e x c r e t i o n  o f  th e  p e n i c i l l i n  was more r a p id  o v e r  th e  f i r s t  
s e v e n  days o f  tr e a tm e n t .  As th e  p a t i e n t  approached conva lescence*  
th e  e x c r e t i o n  from the  c e r e b r o s p in a l  f l u i d  was l e s s  r a p id ,  and 
a q u a n t i t y  o f  p e n i c i l l i n  s u f f i c i e n t  to  i n h i b i t  growth o f  th e  
F lo r e y  s t a p h y lo c o c c u s  i n  h ig h e r  d i l u t i o n s  rem ained .
Rammelkamp & K e e fe r  (1943)  have  shown, t h a t  th e  r a t e  
o f  e x c r e t i o n  o f  i n t r a t h e c a l  p e n i c i l l i n  i n  c a s e s  o f  m e n in g i t i s  
i s /
- 75 -
i s  much more r a p id  than i n  normal i n d i v i d u a l s ,  but f o l l o w i n g  
th e  i n t r a t h e c a l  i n j e c t i o n  o f  1 0 ,0 0 0  u n i t s  d em on strab le  
q u a n t i t i e s  were p r e s e n t  up u n t i l  24 hours a f t e r  i n j e c t i o n .
T h is  more r a p id  e x c r e t i o n  o f  p e n i c i l l i n  i n  m e n in g i t i s  
i s  due to  the im pairm ent o f  the b l o o d - c e r e b r o s p in a l  f l u i d
b a r r i e r .  The r e s u l t s  o b ta in e d  i n  b o th  s e r i e s  o f  c a s e s  show
/
t h a t  as the  in f la m m a tio n  i n  the m eninges s u b s id e d  th e  -" b a rr ier"  
became more e f f e c t i v e  and the  p e n i c i l l i n  c o n c e n t r a t io n  i n  th e  
f l u i d  r o s e .
I t  has b een  shown by F lem in g  and Young ( 1 9 4 4 ) ,  t h a t  
th e  g r e a t e r  th e  dose o f  p e n i c i l l i n  a d m in is te r e d  th e  lo n g e r  i t  
ta k e s  to b e  e x c r e t e d .
I n  Group A c a s e s  a f t e r  th e  7 th  day, th e  p e n i c i l l i n  was 
p r e s e n t  48 hours l a t e r  i n  g r e a t e r  c o n c e n t r a t io n  i n  th e  
c e r e b r o s p in a l  f l u i d ,  than  i n  Group B c a s e s .  The e x p la n a t io n  
b e in g  t h a t  Group A c a s e s  r e c e iv e d  an i n t r a t h e c a l  d o se  o f
5 0 ,0 0 0  u n i t s ,  a s  compared w ith  3 0 ,0 0 0  u n i t s  i n  Group B.
CONCLUSIONS.
In  the f i r s t  few  days o f  i l l n e s s , w h e n  th e  p a t i e n t  i s  
a c u t e l y  i l l ,  an a d eq u ate  c o n c e n t r a t io n  o f  the p e n i c i l l i n  i s  
d e s i r a b l e  i n  o rd er  to  c o n t r o l  th e  i n f e c t i o n .  The d ose  o f  
p e n i c i l l i n  a d m in is te r e d  i n  b oth  groups o f  c a s e s  A and B, was 
in a d e q u a te  i n  the  f i r s t  few  days o f  i l l n e s s  to p r o v id e  t h i s  
c o n c e n t r a t io n  f o r  48 hours i n  th e  c e r e b r o - s p i n a l  f l u i d .  To 
o b t a in  a more c o n s ta n t  l e v e l ,  the  i n t r a t h e c a l  i n j e c t i o n  o f  
p e n i c i l l i n  would r e q u ir e  to  have b e e n  made a t  more f r e q u e n t  
i n t e r v a l s ,  and i f  so  an a d eq u a te  b a c t e r i o s t a t i c  l e v e l  co u ld  
have b een  o b t a in e d  b y  u s in g  a s m a l l e r  d o se .  , .
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THE TOXIC EFFECTS OF PENICILLIN ON THE CENTRAL NERVOUS SYSTEM.
The t o x i c i t y  o f  p e n i c i l l i n  a p p l i e d  l o c a l l y  o r  s y s t e m -  
i c a l l y  by in tr a v e n o u s ,  in tr a m u s c u la r ,  o r  su b c u ta n e o u s  means 
i s  s l i g h t .  The t o x i c  r e a c t i o n s  which o c c u r  were n o te d  to b e  
p r o p o r t io n a l  to  th e  p u r i t y  o f  th e  s a l t  u se d .  The t i s s u e s  o f  
th e  c e n t r a l  n ervou s  sy stem  a r e ,  how ever, p a r t i c u l a r l y  
s e n s i t i v e ,  and i t  was found t h a t  a p e n i c i l l i n  s a l t  which on  
th e  o t h e r  t i s s u e s  cau sed  no r e a c t i o n ,  shows e v id e n c e  o f  
t o x i c i t y  when a p p l ie d  to them. For exam ple Rammelkamp and 
K e e fe r  (1 9 4 3 )  o b se r v e d  t h a t ,  f o l l o w i n g  an i n t r a t h e c a l  
i n j e c t i o n  o f  1 0 ,0 0 0  F lo r e y  u n i t s  o f  p e n i c i l l i n  i n  a normal 
s u b j e c t ,  h ead ach e and v o m it in g  o c c u r r e d ,  and th e r e  was an  
i n c r e a s e  i n  th e  i n t r a t h e c a l  p r e s s u r e  w ith  p h a g o c y t o s i s  i n  
th e  s p i n a l  f l u i d .
R osen b erg  and A r l in g  (19 4 4 )  r e p o r te d ,  f o l l o w i n g  th e  
tr e a tm e n t  o f  t h e i r  l a r g e  s e r i e s  o f  c a s e s  o f  m e n in g o c o c c a l  
m e n in g i t i s  w ith  i n t r a t h e c a l  and s y s t e m ic  p e n i c i l l i n  t h a t ,  i n  
t h o s e  p a t i e n t s  who r e c e iv e d  p e n i c i l l i n  i n t r a t h e c a l l y  ev e r y  
12 h o u r s ,  as  w e l l  as i n  i n d i v i d u a l s  who were g iv e n  i n t r a t h e c a l  
d o se s  o f  1 5 ,0 0 0  u n i t s ,  h eadache was more s e v e r e  and p e r s i s t e n t ,  
th e  f e v e r  was more p r o lo n g e d  and th e  s ig n s  o f  m e n in g i t i s  
s u b s id e d  more s lo w ly .  They n o ted  t h a t  th e  p e n i c i l l i n  produced  
by d i f f e r e n t  m a n u fa c tu rers  cau sed  v a r y in g  d e g r e e s  o f  m en in gea l  
i r r i t a t i o n *
Joh n son  and W alker (1945) drew a t t e n t i o n  to th e  danger
o f /
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o f  a d m in i s t e r in g  a h ig h  d o se  o f  p e n i c i l l i n  i n t r a t h e c a l l y .  They 
t r e a t e d  a p a t i e n t  w ith  a s ta p h y lo c o c c a l  i n f e c t i o n  o f  the  
v e n t r i c u l a r  sy s te m  w ith  an i n t r a v e n t r i c u l a r  i n j e c t i o n  o f
5 0 .0 0 0  O xford  u n i t s .  W ith in  an hour the p a t i e n t  was co m a to se ,  
and i n  v a s c u la r  c o l l a p s e .  S u p p o r t iv e  th e r a p y  im proved the  
c o n d i t i o n  b u t  th e  p a t i e n t  had c l o n i c  spasms o f  th e  arms, l e g s  
and n eck , f o r  s e v e r a l  h o u rs .  W ith in  a day th e  p a t i e n t  
appeared  norm al. Two days l a t e r  an i n t r a v e n t r i c u l a r  dose  o f
1 5 .0 0 0  u n i t s  p rod u ced  a s i m i l a r  b u t  l e s s  s e v e r e  r e a c t i o n .
They were c o n v in c e d  t h a t  t h e  i n t r a v e n t r i c u l a r  i n j e c t i o n  o f  
t h e  drug was th e  c a u se  o f  th e  r e a c t i o n  and recommended t h a t  
i n t r a v e n t r i c u l a r  p e n i c i l l i n  be u sed  i n  sm a ll  amounts.
C a irn s  and h i s  c o l l e a g u e s  (1 9 4 4 )  r e p o r te d ,  t h a t  w i t h  
sodium o r  c a lc iu m  p e n i c i l l i n  s a l t s  c o n t a in in g  250 to 500 u n i t s  
p e r  m.gjty, a m ild  r e a c t i o n  was o b se r v e d  im m e d ia te ly  a f t e r  
i n t r a v e n t r i c u l a r  i n j e c t i o n .  I t  c o n s i s t e d  o f  a p a tc h y  
erythem a o f  th e  s k i n  o f  th e  trunk  and l im b s ,  o f t e n  com ing and 
g o in g ,  g e n e r a l i s e d  s w e a t in g ,  i n t e r m i t t e n t  g o o se  s k in ,  s l i g h t  
r i s e  o f  p u l s e  r a t e  and sometimes v o m it in g ,  th e  w hole p a s s in g  
o f f  i n  1 0 -2 0  m in u te s .  The d o se  w hich  th e y  a d m in is te r e d  was 
from 2 ,0 0 0  to  4 ,0 0 0  u n i t s  d a i l y .  I n  a d d i t i o n  th ey  n o te d  
t h a t  f o l l o w i n g  i n j e c t i o n  by lumbar p u n c tu r e  th e  p a t i e n t  o f t e n  
com p la in ed  o f  p a in  i n  the s a c r a l  r e g io n ,  s p r e a d in g  down th e  
s c i a t i c  d i s t r i b u t i o n  and l a s t i n g  up to  a m in u te .  F u r th e r  i n  
one c a s e  where a s o l u t i o n  o f  p e n i c i l l i n  c o n t a in in g  o n ly  97 
u n i  t s /
u n i t s  p e r  m ill igram m e was i n j e c t e d  i n t o  th e  l a t e r a l  v e n t r i c l e ,  
th e  p a t i e n t  d e v e lo p e d  a s e v e r e  r e a c t i o n  w ith  e v id e n c e  o f  b r a in  
stem  in v o lv m e n t .  They found t h a t  a p r e p a r a t io n  o f  300 u n i t s  
p e r  rogrn* o f  p e n i c i l l i n  produced  i n  3 s u b j e c t s  w ith  normal 
m eninges  symptoms o f  m e n in g i t i s  which s u b s id e d  i n  48 h o u r s .
The d o se  i n j e c t e d  was 4 0 ,0 0 0  u n i t s .  When th e y  u se d  a p u r e r  
p r e p a r a t io n  o f  500 u n i t s  p e r  mgra., t h e r e  were no t o x i c  r e a c t i o n s .
S w eet  and h i s  c o l l e a g u e s  ( 1 9 4 5 ) ,  f o l l o w i n g  th e  d a i l y  
a d m in i s t r a t i o n  o f  from 2 0 ,0 0 0  to 4 0 ,0 0 0  u n i t s  o f  p e n i c i l l i n  
i n t r a t h e c a l l y ,  had 4  c a s e s  d e v e lo p in g  n e u r o l o g i c a l  r e a c t i o n s .  
They were o f  two t y p e s ,  m ild  s e n s o r y  changes and s e v e r e  
s e n s o r y  and m otor ch a n g es .  B oth  ty p e s  o f  l e s i o n s  in v o lv e d  the  
lo w e r  segm ents  o f  th e  s p i n a l  cord , o r  th e  r o o t s  o f  th e  lumbo­
s a c r a l  p le x u s  o f  n e r v e s .  The m ild  s e n s o r y  changes c o n s i s t e d  o f  
p a in s  i n  th e  l e g s  and back, and f i r s t  appeared  on  th e  1 0 th  and 
2 3 rd days a f t e r  th e  i n s t i t u t i o n  o f  i n t r a t h e c a l  p e n i c i l l i n  
th e r a p y ,  and t h e y  p e r s i s t e d  u n t i l  th e  p e n i c i l l i n  d osage  was 
red u ced  o r  d i s c o n t in u e d .
The s e v e r e  r e a c t i o n s  o c c u r r e d  i n  p a t i e n t s  who had 
p r o lo n g e d  i n t r a t h e c a l  p e n i c i l l i n  and c o n s i s t e d  o f  s e v e r e  p a in  
i n  th e  l e g s  and t o e s  which f i r s t  appeared  o n  th e  1 0 th  day o f  
t r e a tm e n t .  By th e  1 7 th  day th e r e  was u r in a r y  r e t e n t i o n  w ith  
o v e r f lo w ,  and th e  p r e s e n c e  o f  a h y p o to n ic  b la d d e r  was v e r i f i e d  
by cystom etrogram . ^n due c o u r s e ,  i n  a d d i t i o n  to the above
symptoms, th e r e  was p a r a l y s i s  o f  both  l e g s ,  w ith  pronounced  
h y p e r a e s t h e s i a /
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hyp e r a e s t h e s i a  and a b se n t  ten d on  r e f l e x e s .  In  a l l  c a s e s  th e r e  
was co m p le te  r e c o v e r y  o f  f u n c t i o n  b e f o r e  the p a t i e n t s  were  
d is c h a r g e d  from h o s p i t a l .
E x p e r im e n ta l ly  i n  an im als  R u s s e l l  and Beck (1 9 4 5 )  
have shown t h a t  a c o n c e n tr a te d  s o l u t i o n  o f  sodium p e n i c i l l i n  had 
an i r r i t a n t  e f f e c t  when a p p l ie d  to  th e  b r a in  s u r f a c e .  I n  one
c a s e  th e r e  was m a ss iv e  n e c r o s i s  o f  th e  c o r te x .
As a lr e a d y  s t a t e d  th e  c a s e s  i n  Group A were g iv e n  on  
a d m is s io n  and on  a l t e r n a t e  days t h e r e a f t e r  an i n t r a t h e c a l  d ose  
o f  5 0 ,0 0 0  u n i t s  o f  p e n i c i l l i n  which c o n ta in e d  from 300  to  500 
u n i t s  p e r  mgm. The d ose  was a d m in is te r e d  by lumbar p u n c tu r e  i n  
5 c . c .  o f  s t e r i l e  w a ter . T o x ic  r e a c t i o n s  were n o te d  f o l l o w i n g  
th e  a d m in i s t r a t io n  o f  the  i n t r a t h e c a l  p e n i c i l l i n ,  and t h e s e  
c o u ld  be d iv id e d  i n t o  two m ain t y p e s  • Those which o c c u r r e d  
im m e d ia te ly  a f t e r  th e  i n j e c t i o n  o f  the  p e n i c i l l i n ,  and c o n s i s t e d  
o f  p a in  i n  th e  lu m b r o -s a c r a l  r e g io n ,  which ten d ed  to r a d i a t e  down 
one o r  b o th  l e g s  a lo n g  th e  d i s t r i b u t i o n  o f  th e  s c i a t i c  n e r v e .
T h is  p a in  was s e v e r e ,  b e in g  a t  i t s  maximum i n t e n s i t y  a t  th e  
moment o f  o n s e t ,  and th e n  g r a d u a l ly  p a s s e d  o f f  o v e r  th e  n e x t  
f i v e  m in u te s .
The secon d  typ e  o f  r e a c t i o n  e x p e r ie n c e d  was c o n v u ls io n s .  
They o c c u r r e d  i n  th e  m a jo r i t y  o f  c a s e s  about one hour a f t e r  th e  
p e n i c i l l i n  was a d m in is te r e d  i n t r a t h e c a l l y  by  th e  lumbar r o u te .  
U s u a l ly  t h e r e  were prodrom al m a n i f e s t a t i o n s  which f i r s t  made 
t h e i r  ap pearance about 15 m in u tes  a f t e r  th e  drug was g iven* The 
c o u r s e /
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c o u r s e  o f  e v e n t s  was as f o l l o w s : -  The p a t i e n t ’ s  f a c e  which was 
a t  f i r s t  f lu s h e d  became v e r y  p a l e ,  and th e  p u p i l s  g r a d u a l ly  
d i l a t e d .  The p u l s e  became v e r y  r a p id  and th rea d y , and was 
b a r e ly  p a lp a b le .  O lder  c h i l d r e n  com p la in ed  o f  f e e l i n g  c o ld  
and r i g o r s  were f r e q u e n t .  On an a v era g e  one hour a f t e r  the  
i n t r a t h e c a l  i n j e c t i o n ,  p aro x y sm a l,  g e n e r a l i s e d  c l o n i c  spasms o f  
th e  arms, l e g s  and neck  o c c u r r e d ,  and w h i le  t h e s e  were i n  
p r o g r e s s  c y a n o s i s  was marked. An a t t a c k  g e n e r a l l y  l a s t e d  from  
two to f i v e  m in u te s ,  and i t s  t e r m in a t io n  was f r e q u e n t l y  f o l lo w e d  
by s l i g h t  v o m it in g .  In  c a s e s  which had a s e v e r e  r e a c t i o n  th e  
c o n v u l s io n s  r e c u r r e d  a t  s h o r t  i n t e r v a l s  f o r  about 1-g- h o u r s .  I n  
th e  m i ld e r  c a s e s  th e  a t t a c k s  were n o t  so  s e v e r e ,  and th e  i n t e r v a l  
b etw een  them was lo n g e r ,  the  s e i z u r e s  c o n s i s t i n g  o f  s l i g h t  
t w i t c h in g s  o f  th e  arms and l e g s .
A f t e r  th e  s  ta g e  o f  co n v u ls  i  o n e , the ch ild ’s condition gradually  
im proved, th e  p u l s e  r a t e  s lo w ed  down, and i t s  volume in c r e a s e d .  
The p u p i l s  and c o lo u r  r e tu r n e d  s lo w ly  to  norm al. The s tu p o r o s e  
s t a t e  w hich  f o l lo w e d  the c o n v u ls io n s  p a s s e d  o f f  and i n  about 5 
hou rs  th e  c h i l d  was as m e n ta l ly  a l e r t  as  he was b e f o r e  th e  
a d m in i s t r a t i o n  o f  th e  drug.
There w ere no r e s i d u a l  s e q u e la e  i n  th e  fo n n  o f  p a r a l y s i s  
o r  s e n s o r y  l o s s  i n  any o f  th e  c a s e s  f o l l o w i n g  th e  t o x i c  
r e a c t i o n s  d e s c r ib e d  above.
The t o x i c  m a n i f e s t a t i o n s  d id  n o t  o c c u r  a f t e r  e v e r y  
i n t r a t h e c a l /
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i n t r a t h e c a l  a d m in i s t r a t io n  o f  th e  p e n i c i l l i n ,  and th e y  d id  
n o t  appear to be r e l a t e d  to  th e  d e g r e e  o f  i l l n e s s  o f  th e  
p a t ie n t *
An a u to p sy  was perform ed  i n  4  c a s e s  which had c o n v u l­
s i o n s  a f t e r  i n t r a t h e c a l  p e n i c i l l i n .  In  th r e e  o f  t h e s e  th e  p o s t  
mortem e x a m in a t io n  was c a r r i e d  o u t  w i t h in  24 hours o f  th e  
p a t i e n t  b e in g  a d m itted  to h o s p i t a l  and o f  th e  a d m in i s t r a t io n  
o f  th e  f i r s t  d ose  o f  i n t r a t h e c a l  p e n i c i l l i n  which th e  c o n v u ls io n s  
f o l lo w e d .  In  th e  o t h e r  c a s e ,  the  a u to p s y  was perform ed  on th e  
8 t h  day, a f t e r  an a t t a c k  o f  c o n v u ls io n s  which f o l l o w e d  th e  
i n t r a t h e c a l  a d m in i s t r a t io n  o f  th e  p e n i c i l l i n  on th e  f i r s t  day 
i n  h o s p i t a l .  I n  a l l  4  c a s e s ,  pus co v e r e d  th e  s u r f a c e  and b a se  
o f  th e  b r a in .  Two c a s e s  showed e v id e n c e  o f  h y d r o c e p h a lu s ,  
w ith  b a s a l  a d h e s io n s  and d i l a t a t i o n  o f  th e  l a t e r a l  v e n t r i c l e s .  
There was no e v id e n c e  o f  i n j u r y  to  th e  m eninges o r  th e  b r a in ,  
o t h e r  th a n  t h a t  u s u a l l y  a s s o c i a t e d  w ith  m en in g o c o c c a l  m e n in g i t i s ,  
w hich m igh t have  a cco u n ted  f o r  th e  t o x i c  m a n i f e s t a t i o n s .
With reg a rd  to tr e a tm e n t ,  th e  lu m b r o -s a c r a l  p a in  p a s s e d  
o f f  i n  about f i v e  m in u tes  and n o th in g  was done f o r  i t .  In  the  
c a s e s  w hich  d e v e lo p e d  c o n v u ls io n s ,  tr e a tm e n t  was i n s t i t u t e d  
im m e d ia te ly  any e v id e n c e  o f  a t o x i c  r e a c t i o n  was n o te d .  In  th e  
e a r l y  s t a g e s  th e  p a t i e n t  was k e p t  warm w ith  h o t  w ater  b o t t l e s  and 
a shock  c r a d le .  Syrup o f  c h l o r a l  was a d m in is te r e d  i n  a d o se  o f  
30  minims f o r  i n f a n t s  up to one y e a r  o f  age, and i n  o l d e r  
c h i l d r e n  one drachm was g iv e n .  T h is  was s u c c e s s f u l  i n  c o n t r o l l i n g  
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the m ild  t o x i c  r e a c t i o n s ,  b u t  i n  c a s e s  which r e a c te d  s e v e r e l y  
more e n e r g e t i c  t r e a tm e n t  was n e c e ssa r y *  In  an endeavour to  
c o n t r o l  the  c o n v u l s io n s  i n  a s e v e r e  c a s e ,  lumbar p u n c tu r e  was 
p erform ed  and th e  su b a ra ch n o id  sp a c e  drained* I n  a d d i t i o n  l \  
g r a in s  o f  sodium p h e n o b a r b ito n e  were g iv e n  in tr a m u s c u la r ly .  I n  
one c a s e  t h e s e  m easures w ere u n s u c c e s s f u l  and to  c o n t r o l  th e  
c o n v u ls io n s  a ch lo ro fo rm  a n a e s t h e t i c  was a d m in is tered *
In  T ab le  No* 2 99 on  th e  o p p o s i t e  p a g e , t h e  c a s e s  a r e  
l i s t e d  a c c o r d in g  to a g e ,  number and ty p e  o f  r e a c t i o n ,  th e  t im e  
o f  o n s e t  a f t e r  a d m in i s t r a t io n  o f  th e  drug, th e  d u r a t io n  o f  th e  
a t t a c k ,  and th e  l e n g t h  o f  tim e th e  p a t i e n t  was i l l  b e f o r e  d e a th  
o r  c o n v a le s c e n c e  o c c u r r e d .
I t  w i l l  be n o ted  t h a t  o u t  o f  22 c a s e s  i n  o n ly  2 p a t i e n t s  
was lu m b o sa c r a l  p a in  by  i t s e l f  th e  o n ly  i n d i c a t i o n  o f  a t o x ic  
r e a c t i o n .  I n  $  p a t i e n t s  lu m b o -sa c r a l  p a in  was e x p e r ie n c e d  i n  
a d d i t i o n  to  c o n v u ls io n s .  The t o x i c  r e a c t i o n  to t h e  i n t r a t h e c a l  
p e n i c i l l i n  i n  th e  o th e r  15 c a s e s  was c o n f in e d  e n t i r e l y  to  convulsions.  
Three c a s e s  had s e v e r e  a t t a c k s  o f  c o n v u l s io n s ,  b u t  i n  a l l  th e  
o t h e r s  th e  a t t a c k s  were s l i g h t .  The r e a c t i o n s  o c c u r r e d  a f t e r  o n ly  
one d ose  i n  20 o f  th e  c a s e s ,  o f  w hich  n in e  were a f t e r  the f i r s t  
d o se ,  e i g h t  a f t e r  th e  s e c o n d  and one a f t e r  th e  t h ir d ,  f o u r th  and  
f i f t h  d o se s  r e s p e c t i v e l y .  The rem a in in g  two c a s e s  had more than  
one a t ta c k .  In  on e  o f  them, aged h months, c o n v u ls io n s  fo l lo w e d  
th e  t h ir d  and fo u r th  i n t r a t h e c a l  d o se  o f  p e n i c i l l i n .
T h e /
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The c o u rse  o f  th e  i l l n e s s  i n  t h i s  c a s e  was p r o lo n g e d ,  
c o n v a le s c e n c e  n o t  b e in g  r ea ch ed  u n t i l  th e  1 5 th  day. In  t h e  
o t h e r  c a s e  c o n v u l s io n s  o c c u r r e d  as a t o x i c  m a n i f e s t a t i o n  
f o l l o w i n g  th e  i n t r a t h e c a l  a d m in i s t r a t i o n  o f  th e  drug i n  th e  
t h ir d ,  f o u r t h  and f i f t h  d o se s .  The f i r s t  a t t a c k  was s l i g h t  b u t  
on  th e  o t h e r  two o c c a s i o n s  s e v e r e .  The p a t i e n t  d ied  o f  g a s t r o ­
e n t e r i t i s  on  th e  1 1 th  day o f  i l l n e s s .
The sodium p e n i c i l l i n  s a l t  which was u sed  c o n ta in e d  
from 300 t o  500 u n i t s  p e r  mgm., and was m anufactured  by M essrs .  
B o o ts ,  and Glaxo L a b o r a t o r ie s .  The t o x ic  r e a c t i o n s  e x p e r ie n c e d  
were p r o b a b ly  due to t h e  im p u r i t i e s  i n  th e  s a l t  and a l s o  to th e  
h ig h  d o sa g e  a d m in is te r e d  i n t r a t h e c a l l y .  A dose  o f  5 0 ,0 0 0  u n i t s  
cau sed  th e  t o x i c  r e a c t i o n s  r e l a t e d  i n  Group A c a s e s ,  b u t  i n  Group 
B c a s e s  where o n ly  3 0 ,0 0 0  u n i t s  were a d m in is te r e d  th e r e  were no 
r e a c t i o n s .  The p e n i c i l l i n  s a l t s  a lth o u g h  o f  th e  r e q u ir e d  
t h e r a p e u t i c  s ta n d a r d  o f  p u r i t y  v a r y  i n  t o x i c i t y  w i t h  th e  d i f f e r e n t  
m a n u fa c tu r e r s ,  b u t  i n  t h i s  s e r i e s  o f  c a s e s  th e  r e a c t i o n  c o u ld  n o t  
be a t t r i b u t e d  to  any one p a r t i c u l a r  brand* I t  i s  i n t e r e s t i n g  to 
n o te  t h a t  Joh n son  and W alker (19^5) a t t r i b u t e d  th e  c o n v u ls io n s  
i n  t h e i r  c a s e  n o t  o n ly  to  o v e r - d o s a g e ,  b u t  to an i d i o s y n c r a s y  to  
th e  drug. They p o i n t  o u t  t h a t  e le c tr o e n c e p h a lo g r a m s  o f  many 
p a t i e n t s  r e c e i v i n g  p e n i c i l l i n  a r e  d i s t i n c t l y  abnormal.
- 8 5 -
C OliCLUS I PITS.
T o x ic  r e a c t i o n s  f o l lo w e d  th e  i n t r a t h e c a l  a d m in i s t r a t io n  
o f  p e n i c i l l i n  i n  22 c a ses*  In  15 c a s e s  c o n v u ls io n s  o ccu r r e d  
as th e  o n ly  t o x i c  r e a c t i o n  and o f  t h e s e  77*2 p e r  c e n t  were 
p a t i e n t s  aged 2 y e a r s  o r  under. L um bo-sacra l p a in  was com p la in ed  
o f  by 7 c a s e s  and o f  t h e s e  5 l a t e r  d e v e lo p e d  c o n v u ls io n s .  In  
th e  r e m a in in g  2 c a s e s  th e r e  was no f u r t h e r  e v id e n c e  o f  a t o x i c  
r e a c t i o n  o t h e r  than the  lu m b o -sa c r a l  p a in .  The a t t a c k s  
g e n e r a l l y  b egan  one hour a f t e r  th e  p e n i c i l l i n  was a d m in is te r e d  
and r e c u r r e d  a t  i n t e r v a l s  f o r  about one hour. In  s i x  hours  
on an a v era g e  the p a t i e n t  had c o m p le te ly  r e c o v e r e d .  The lumbo­
s a c r a l  p a in  on th e  o t h e r  hand was a t  i t s  maximum i n t e n s i t y  
im m e d ia te ly  a f t e r  the  i n j e c t i o n  and th en  p a ss e d  o f f  o v e r  the  
n e x t  f i v e  m in u te s .  These t o x i c  r e a c t i o n s  were u n d o u b ted ly  
ca u sed , c h i e f l y ,  by the i m p u r i t i e s  i n  the  p e n i c i l l i n  s a l t s  
which c o n s i s t  m a in ly  o f  p y r o g e n e s .  The lu m b o -sa c r a l  p a in  
r e s u l t i n g  from i r r i t a t i o n  o f  th e  cauda eq u in a  and th e  c o n v u ls io n s  
b y  i r r i t a t i o n  o f  th e  c e r e b r a l  c o r t e x  and h ig h e r  c e n t r e s .  The 
you n ger  c h i l d r e n  appeared  to be  p a r t i c u l a r l y  s u s c e p t i b l e  to the  
i m p u r i t i e s  i n  th e  s a l t ,  and th e  r e a c t i o n ,  i n  th e  m a jo r i t y  o f  
c a s e s  f o l lo w e d  th e  f i r s t  o r  seco n d  i n t r a t h e c a l  d o se  o f  th e  
drug.
GHAPT3BR V I I .
THE INVESTIGATION OF THE QUANTITATIVE AMD QUALITATIVE CHANGES 
IN THE BLOOD IN CEREBROSPINAL FEVER.
I t  was o r i g i n a l l y  in te n d e d  to e s t im a t e  th e  
b a c t e r i o s t a t i c  t i t r e  o f  the  b lo o d  e v e r y  L8 h o u rs ,  b e f o r e  lumbar 
p u n c tu r e  was p erform ed , and th us  o b t a in  a r e a d in g  f o r  th e  
c o n c e n t r a t io n  o f  p e n i c i l l i n  i n  th e  b lo o d ,  and compare i t  w ith  
t i t r e s  found i n  the  c e r e b r o s p in a l  f l u i d .  I t  was, how ever,  
d i f f i c u l t  to  g e t  a sp ec im en  o f  b lo o d  i n  e v e r y  c a s e ,  and i t  was 
th o u g h t  i n a d v i s a b l e  to  e n t e r  r e p e a t e d ly  the  s a g g i t a l  s i n u s ,  as  
was done f o r  th e  b lo o d  c u l t u r e  sp ec im en  on  a d m iss io n .  As an 
a l t e r n a t i v e ,  i t  was d e c id e d  to s tu d y  th e  v a r i a t i o n s  which o ccu r  
i n  th e  w h ite  c e l l s  i n  m e n in g i t i s .
The t o t a l  and d i f f e r e n t i a l  c e l l  co u n ts  were e s t im a te d  
t w ic e  d u r in g  the f i r s t  week and on ce  a week f o r  th e  rem ain in g  
t h r e e  w eeks.
The method o f  p e r fo r m in g  th e  d i f f e r e n t i a l  c e l l  count was 
as f o l lo w s
B lo o d  f i l m s ,  which were th in ,  and e v e n ly  sp r e a d , were  
made on  m ic r o s c o p ic  s l i d e s ,  and s t a i n e d  w ith  L eishm anf s s t a i n .  
The c o n c e n tr a te d  s t a i n  was a llo w ed  to  a c t  fo r  two m in u tes  and 
th e n  i t  was d i l u t e d  w ith  an eq u a l q u a n t i t y  o f  w a ter ,  and a l lo w e d  
to  a c t  f o r  a f u r t h e r  t e n  m in u tes .  At th e  end o f  t h i s  t im e ,  the  
s t a i n  was g e n t l y  washed o f f ,  and the  s l i d e  a l lo w e d  to  dry, The
c o u n t /
- 8 7 -
cou n t was p erform ed  un d er the o i l  im m ersion  l e n s  and the  s l i d e  
moved i n  a l l  d i r e c t i o n s  to o b t a in  as t r u e  an a v e r a g e  d i s t r i b u t i o n  
as p o s s i b l e .  The number o f  c e l l s  counted  i n  e a c h  c a s e  was 300»
I t  i s  known t h a t  i n  d i s e a s e  th e  c e l l s  undergo c o n s ta n t  
a l t e r a t i o n .  In  some d i s e a s e s  th e y  are e i t h e r  in c r e a s e d  o r  
d im in ish e d ,  and i n  o t h e r s  th e y  may v a ry  during  the c o u rse  o f  
th e  i l l n e s s .  V a r ia t io n s  i n  s p e c i f i c  c e l l s  are a l s o  o b se r v e d ,  
t h i s  b e in g  e s p e c i a l l y  so  w ith  the n e u t r o p h i l  polymorph and 
ly m p h o c y te s .
As a l l  th e  p a t i e n t s  were c h i l d r e n  i t  was im p o rta n t  
t h a t  c o n t r o l s  sh o u ld  b e  a v a i l a b l e  f o r  com parison , f o r ,  as i s  
w e l l  known, th e  w h ite  b lo o d  c e l l  count i s  v a r i a b l e  i n  
c h i ld h o o d ,  s l i g h t  s t i m u l i  o r  change o f  en v iron m ent p ro d u c in g  
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l a r g e  a l t e r a t i o n s  i n  th e  number o f  c i r c u l a t i n g  l e u c o c y t e s .
U n f o r tu n a t e ly  t h i s  h o s p i t a l  p r o v id e d  no o p p o r t u n i t y  
f o r  a s tu d y  o f  normal c h i ld r e n .  However, many s t u d i e s  o f  t h i s  
k in d  a re  to be fou nd  i n  th e  l i t e r a t u r e  and th e y  a lm o st  a g r e e  i n  
d e t a i l  a s  to th e  n a tu r e  and e x t e n t  o f  t h i s  normal v a r i a t i o n ,  
h en ce  th e  u s u a l l y  s t a t e d  f i g u r e s  h ave  b een  u sed  f o r  c o m p a r iso n .
A lth o u g h  th e  c a s e s  were i n v e s t i g a t e d  i n  two groups,  
t h o s e  t r e a t e d  w ith  p e n i c i l l i n  a lo n e ,  and th o s e  t r e a t e d  w ith  
su lphonam ide and p e n i c i l l i n ,  i t  was found t h a t  the d i f f e r e n c e  
between th e  two were so s l i g h t  t h a t  th e y  co u ld  b e  c o n s id e r e d  
as a w h ole , b u t  sh o u ld  any e x t e n s i v e  v a r i a t i o n  b e  n o t i c e d  
a t t e n t i o n  would b e  drawn to i t #  The t o t a l  number o f  c a s e s  i n  
b oth  groups was 100 but o n ly  th e  b lo o d  f i n d i n g s  i n  77 a re  
r e c o r d e d ,  th e  rem ain in g  23 te r m in a te d  f a t a l l y ,  and th e  b lo o d  
r e a d in g s  are  n e c e s s a r i l y  in c o m p le te .
TOTAL LEUCOCYTE COUNT.
D u rin g  th e  e a r ly  a c u te  s t a g e  o f  th e  i l l n e s s  th e  t o t a l  
l e u c o c y t e  count was in c r e a s e d ,  b u t  as  c o n v a le s c e n c e  p r o g r e s s e d  
i t  s t e a d i l y  dropped to norm al, t h i s  p o i n t  b e in g  rea c h e d  from the
8 th  to  11+th  day o f  i l l n e s s  (S e e  P ig .  l ) .  The r e t u r n  to  normal
was more r a p id  i n  th e  p e n i c i l l i n  and su lphonam ide group than  
t h a t  t r e a t e d  by p e n i c i l l i n  a lo n e .  T h is  i s  u n d e r s ta n d a b le  i n  
v ie w  o f  th e  f i n d i n g s  w ith  regard  to  th e  r a t e  o f  r e s o l u t i o n  o f  
th e  d i s e a s e  i n  th e  two tr e a tm e n t  grou p s.
As r e g a r d s  th e  23 c a s e s  which te r m in a te d  f a t a l l y  i t  was
fo u n d /
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fou nd  t h a t  th e  t o t a l  c e l l  count had dropped r a p i d l y  b e f o r e  
d ea th  to  f i g u r e s  b etw een  3 ,0 0 0  to  7*000  c e l l s  p e r  e.m.m. 
NEUTROPHIL POLYMORPHS AND LYMPHOCYTES.
A s tu d y  o f  th e  n e u t r o p h i l  polymorph and lym p h o cy tes  
showed t h a t  th e  form er were g r e a t l y  i n c r e a s e d  d u r in g  th e  e a r l y  
a c u te  s t a g e s  o f  th e  i l l n e s s  and th e n  g r a d u a l ly  d e c r e a se d  i n  
number u n t i l  by th e  3rd week th e  count had r e tu r n e d  to  norm al.  
The ly m p h o cy tes  were m arkedly d e c r e a s e d  d u rin g  th e  e a r l y  s t a g e s  
o f  th e  i l l n e s s  and g r a d u a l ly  in c r e a s e d  d u rin g  c o n v a le s c e n c e ,  
normal co u n ts  b e in g  found  b etw een  th e  2nd and 3rd  week o f  
i l l n e s s .  (S e e  P ig .  l ) .
EOSINOPHIL P0LYM0RYHS.
For the  f i r s t  f i v e  days o f  th e  d i s e a s e  i t  was n o ted  
t h a t  th e  e o s in o p h ils  were a b se n t  b u t  th e y  began  to  appear i n  
a p r o p o r t io n  o f  c a s e s  about th e  6 th  o r  8 th  days g r a d u a l ly  
in c r e a s i n g  i n  number u n t i l  th ey  were p r e s e n t  w ith o u t  e x c e p t io n  
i n  normal amounts by th e  8 th  and 11+th day. (S e e  P i g .  l l ) .  In  
th e  23 c a s e s  which d ied  th e y  f a i l e d  to a p p e a r .
MONOCYTES.
In  s t u d y in g  th e  m onocytes  i t  was o b se r v e d  t h a t  th e y  
were in c r e a s e d  i n  number a t  th e  o u t s e t  o f  th e  d i s e a s e ,  and 
d e c r e a s e d  i n  c o n v a le s c e n c e ,  r e t u r n in g  to  normal ab ou t th e  t h ir d  
week (S e e  P ig .  1 1 1 ) .  In  the c a s e s  which te r m in a te d  f a t a l l y ,  
th e r e  was no s p e c i f i c  a l t e r a t i o n  i n  th e  number o f  m onocytes  i n  
th e  b lo o d .
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C ONCLU SIONS.
I n  m en in g o c o c c a l  m e n in g i t i s  th e  e o s i n o p h i l  polym orphs  
were e i t h e r  a b s e n t  o r  d im in is h e d  d u r in g  th e  e a r l y  a c u te  s t a g e s  
o f  th e  d i s e a s e ,  and t h e i r  r e t u r n  to  th e  b lo o d  was i n d i c a t i v e  o f  
r e t u r n in g  h e a l t h ,  w h i le  t h e i r  d isa p p e a r a n c e  and c o n t in u e d  
a b se n c e  was a s s o c i a t e d  w ith  th e  p e r s i s t e n c e  o f  i n f e c t i o n  and 
presum es a f a t a l  t e r m in a t io n .  The n e u t r o p h i l  polym orphs were  
found to  be i n c r e a s e d  d u rin g  th e  e a r l y  a cu te  s t a g e s  and th e  
ly m p h o cy tes  were d im in ish e d .  D uring  c o n v a le s c e n c e  the  
n e u t r o p h i l s  r e tu r n e d  to norm al, and th e  ly m p h o cy tes  in c r e a s e d ,  
r e t u r n in g  to  normal b e tw een  2nd and 3rd week.
CHAPTER V III .
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THE INVESTIGATION OF THE GASES WHICH TERMINATED FATALLY.
I n  t h i s  c h a p te r  b r i e f  summaries o f  th e  h i s t o r i e s  o f  a l l
th e  g a s e s  which te r m in a te d  f a t a l l y  have b een  made.
The 16 d e a th s  w hich o c c u r r e d  i n  Group A w i l l  be c o n s id e r e d  f i r s t .
T a b le  Ho. 30 shows th e  d i s t r i b u t i o n  o f  th e  c a s e s  t e r m in a t in g  
f a t a l l y  i n  Group A w ith  r e g a rd  to  a g e ,  d u r a t io n  o f  i l l n e s s  
b e f o r e  a d m is s io n ,  th e  p r e s e n c e  o r  a b se n c e  o f  c o n v u l s io n s ,  o r  
o f  coma on a d m iss io n ,  th e  d u r a t io n  o f  s t a y  i n  h o s p i t a l ,  and the  
development o f  sequelaeco? c o m p lic a t io n s  such  as h y d r o c e p h a lu s ,  o r  
gas t r o - e n t e r i  t i s .
TABLE HO. 30.
DETAILS OP CASES WHICH TERMINATED FATALLY IE GROUP A.
C as e. A ge.
Days 111 
B e fo r e  
Admission.
C onvul­
s io n s . Coma.
Gas tr o  
E n te r it is .
Hydro
cephalus.
D u ra tio n
in
H ospi t a l .
( l ) E .B . 6 /5 2 5 + + + 8 D ays.
(2)DMc 9 /5 2 3 + - - - 2 "■
(3)M .G. n / 5 2 6 + - - + J19 "
(li-JB.K. 6 /1 2 3 - - 2nd Day - 11 "
( 5 ) d . g . e /1 2 2 + + »» - 1 hour s .
( 6 ) J.Mc 6 /1 2 1 - - 7 th  Day - 19 D ays.
(7)DMc 7 /1 2 1 + - 8 th  11 - 11 "
(8 )W. Y. 7 /1 2 1 — + - - 1 Day.
(9)D .H . 8 /1 2 2 + - - + 12 D ays.
(lO)LMc 9 /1 2 2 - - 5 th  Day - 5 "
(ll)W S 13 /12 1 + + - - 13 H rs.
(12)HH 3 1 + - - - 7 D ays.
(13)CMc 3 k - + + 1 Day.
(li+)PS 4 3 - - - + 6k  D ays.
(15)JR k 2 - + - T 1 Day.
( i 6 ) ec 7 /1 2 2 — + mm *** 1 "
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Gase Ho. 1 . E.B.
T h is  p a t i e n t ,  aged  6 w eeks, was a d m it te d  i n  th e  5 th  
day o f  i l l n e s s ,  i n  a com atose  s t a t e ,  w ith  a h i s t o r y  o f  
d ia r r h o e a  and c o n v u ls io n s  f o r  th e  p a s t  th r e e  d a y s .
On e x a m in a t io n  th e  i n f a n t  was fou n d  to be p a l e  and 
p o o r ly  n o u r ish e d .  The a n t e r i o r  f o n t a n e l l e  was b u lg in g .
K ern ig * s  s i g n  and n u ch al r i g i d i t y  were p r e s e n t .  She c o u ld  be  
a ro u sed  on  s t i m u la t i o n  b u t  i r r i t a b i l i t y  was marked.
Lumbar p u n ctu re  r e v e a le d  a tu r b id  f l u i d  under  
i n c r e a s e d  p r e s s u r e .  The t o t a l  c e l l  co u n t  was 1000 p l u s  c e l l s  
p e r  c.m.ra. and th e  d i f f e r e n t i a l  c e l l  count was 80 p e r  c e n t  
p o lym orp h s . M en in g o co cc i were found i n  d i r e c t  f i l m  and 
c u l t u r e .  P e n i c i l l i n ,  5 0 ,0 0 0  u n its ,w e r e  a d m in is te r e d  i n t r a t h e c a l l y .  
T w itc h in g s  o c c u r r e d  one hour l a t e r  which were c o n t r o l l e d  w ith  
one drachm o f  syrup o f  c h l o r a l .  There was no improvement o v e r  
the  n e x t  8 d ays ,  th e  p r e s s u r e  o f  the c e r e b r o s p in a l  f l u i d  f e l l  
m arkedly  a t  su b seq u en t  lumbar p u n c tu r e s  and th e  f l u i d  became 
o p a l e s c e n t .  ’’B lo c k ” was s u s p e c t e d  on  th e  h th  day i n  h o s p i t a l .  
Intrapeaatoreal sa lines  were g iv e n  to  combat d e h y d r a t io n .
AUTOPSY.
There was t h ic k  pus a t  th e  b a se  o f  th e  b r a in  w ith  a 
cone o f  a d h e s io n s  round th e  b r a in  stem . The l a t e r a l  v e n t r i c l e s  
were d i l a t e d  and th e r e  was pus fo r m a t io n  i n  th e  c h o r o id  p l e x u s e s .  
There was pus i n  the  a q u ed u ct o f  S y lv iu s *  The o t h e r  o rgan s  
were normal*
T h i s /
T h is  p a t i e n t ,w a s  under 2 months o f  age, an age a t  
w hich  i t  i s  r a r e  to  have th e  d i s e a s e  d e v e lo p in g .  The d u r a t io n  
o f  i l l n e s s  b e f o r e  th e r a p y  was i n s t i t u t e d  was 5 d ays, and on  
a d m is s io n  such  m a n i f e s t a t i o n s  o f  s e r i o u s  p r o g n o s t i c  s i g n i f i c a n c e  
as c o n v u ls io n s , -  and a com atose s t a t e  were p r e s e n t .  Nuchal  
r i g i d i t y  and K e r n ig ’ s s i g n  were e l i c i t e d ,  and th e  f o n t a n e l l e  
was b u lg in g  /throughout th e  d i s e a s e .  The p r o g n o s i s  i n  a c a se  
o f  t h i s  k in d  where th e  d i s e a s e  was w e l l  e s t a b l i s h e d  i n  a 
d e b i l i t a t e d  c h i l d  b e f o r e  th era p y  was i n s t i t u t e d  was bad from  
th e  o u t s e t .
Case Ho. 2 D.Mc. Age 9 Weeks.
The p a t i e n t  was s e v e r e l y  i l l  f o r  3 days b e f o r e  b e in g  
a d m itte d  w ith  b r o n c h i t i s  and d ia r r h o e a .
On e x a m in a t io n  he was found to be p o o r ly  n o u r ish e d  
and had a p e t e c h i a l  ra sh  and was c o n v u ls in g .  H uchal r i g i d i t y  and  
K e r n ig ’ s s i g n  were p r e s e n t ;  t h e r e  was no e v id e n c e  o f  g a s t r o ­
e n t e r i t i s  o r  any in tra p u lm o n a ry  d i s e a s e .
Lumbar p u n c tu r e  r e v e a le d  a t u r b id  f l u i d  w ith  a t o t a l  
c e l l  count o f  1 ,0 0 0  p l u s  c e l l s  p e r  c.m«m, and a d i f f e r e n t i a l  
c e l l  count o f  90 p e r  c e n t  polym orphs, p e n i c i l l i n ,  5 0 ,0 0 0  u n i t s ,  
were g iv e n .
There was no improvement i n  the  c l i n i c a l  c o n d i t i o n  o f  
th e  c h i l d  a s  i n d i c a t e d  by  c l i n i c a l  and b a c t e r i o l o g i c a l  f in d i n g s  
and he d ie d  on h i s  s e c o n d  day i n  h o s p i t a l .
AUTOPSY. Hot o b t a in e d .
T h e /  ' ^
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The d i s e a s e  o c c u r r e d  i n  a d e b i l a t e d  c h i l d  w ith  a p oor  
r e s i s t a n c e  to  i n f e c t i o n ,  so  t h a t  i t  i s  d o u b tfu l  i f  any form o f  
th era p y  would h ave  b e e n  o f  a v a i l .  The c o n v u ls io n s  p r e s e n t  on  
a d m is s io n  were o f  s e r i o u s  p r o g n o s t i c  s i g n i f i c a n c e .
C ase No. 3 . M. G-. -  Age 1 1 /5 2 .
The p a t i e n t  was a d m itted  i n  th e  6 th  day o f  i l l n e s s ,  w ith  
a h i s t o r y  o f  v o m it in g ,  and c o n v u l s io n s .
On e x a m in a t io n  th e  f o n t a n e l l e  was b u lg in g ,  K e r n ig ’ s  s i g n  
and n u ch a l r i g i d i t y  were s l i g h t l y  p o s i t i v e .  The tem p era tu re  was 
n o t  e l e v a t e d .
Lumbar p u n ctu re  r e v e a le d  a tu r b id  f l u i d  w ith  m e n in g o c o c c i  
i n  d i r e c t  f i l m  and c u l t u r e .  At su b se q u e n t  lumbar p u n c tu r e s  th e  
p r e s s u r e  was low , th e  f l u i d  o p a l e s c e n t  h a v in g  a t o t a l  c e l l  
co u n t  on an a v erage  o f  i+00 c e l l s  p e r  c.m.m. C o n s id e r in g  t h e s e  
f i n d i n g s  and i n  c o n j u n c t io n  w ith  th e  c l i n i c a l  c o n d i t i o n  ’’B lock"  
was d ia g n o se d .  The c o n d i t io n  appeared  to  be s l i g h t l y  
im proved a t  f i r s t  b u t  t h i s  was n o t  m a in ta in e d .  The f o n t a n e l l e  
was t e n s e  and b u l g i n g  and t h e r e  was s e p a r a t i o n  o f  th e  c r a n i a l  
s u t u r e s ,  th e  c h i l d  b e in g  i n  th e  c h a r a c t e r i s t i c  adynamic s t a t e  
a s s o c i a t e d  w ith  h y d r o c e p h a lu s .  D eath  o c c u r r e d  on  th e  1 9 th  day 
i n  h o s p i t a l .
AUTOPSY* P e r m is s io n  n o t  o b ta in e d .
T h e /
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The p r o g n o s i s  i n  t h i s  c a s e  was gra v e  from th e  o u t s e t ,  
a lth o u g h  a t  f i r s t  i t  was th o u g h t  t h a t  th e r e  was a r e s p o n s e  to  
th e  t r e a tm e n t .  However, th e  d evelop m ent o f  h y d r o c e p h a lu s  
showed t h a t  th e  c o n d i t i o n  had n o t  r e s o l v e d  w ith  th e  tr e a tm e n t  
g iv e n  b u t  had e n te r e d  upon a c h r o n ic  s t a g e .
C ase  No. 1+. B.K. Age 6 / 1 2 .
The p a t i e n t  was a d m itted  i n  h i s  t h ir d  day o f  i l l n e s s  w ith  
a h i s t o r y  o f  f r e q u e n t  v o m it in g .  S t i f f n e s s  o f  th e  neck was a l s o  
n o t i c e d .
On e x a m in a t io n  th e  p a t i e n t  was fou nd  to  be f a i r l y  w e l l  
n o u r ish e d  b u t  was s l i g h t l y  d eh yd rated . N uchal r i g i d i t y  and 
K e r n ig ’ s s i g n  were p r e s e n t .  I r r i t a b i l i t y  was marked*
Lumbar p u n ctu re  r e v e a le d  a tu r b id  f l u i d  under in c r e a s e d
p r e s s u r e .  The t o t a l  c e l l  count was 1 ,0 0 0  p l u s  c e l l s  p e r  c.m.m.
and th e  d i f f e r e n t i a l  c e l l  co u n t was 90 p e r  c e n t  polym orphs.
M en in gococc i were found i n  the  c u l t u r e .  F o l lo w in g  i n t r a t h e c a l
p e n i c i l l i n ,  c o n v u ls io n s  o c c u r r e d  one hour l a t e r  which were
c o n t r o l l e d  by syrup o f  o h l o r a l .  On th e  2nd day l o o s e  g re e n
s t o o l s  were p a s s e d  which in c r e a s e d  i n  s e v e r i t y  on s u c c e e d in g
days, and d e h y d r a t io n  became e v id e n t ,  c a l l i n g  f o r
i n t r a p e r i t o n e a l  s a l i n e s .  S u lp h a g u a n a d in e ,o n e  gramme, f o l lo w e d
by 0 .  5 o f  a gramme e v e r y  fo u r  hours, was g iv e n .  S u b seq u en t
lumbar p u n ctu re  showed th e  c e r e b r o s p in a l  f l u i d  to  be c l e a r i n g  up,
and by  the  9 th  day, th e  t o t a l  c e l l  count was 150 c e l l s  p e r  c.m.m*
o f  which 90 p e r  c e n t  were ly m p h o c y te s .  D eath o c c u r r e d  on  th e
1 1 th  day.,
AUTOPSY. /
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AUTOPSY. P e r m is s io n  n o t  o b t a in e d .
U n f o r t u n a t e ly  th e  r e l a t i v e s  co u ld  n o t  b e  p ersu a d ed  to  
a l lo w  an a u to p sy  to  be perform ed  b u t  from t h e  c l i n i c a l  f i n d i n g s ,  
and from  the c o n d i t i o n  o f  th e  c e r e b r o s p in a l  f l u i d ,  th e  
m e n in g i t i s  had c le a r e d  up, and th e  im m ediate  ca u se  o f  d ea th  was 
due to  g a s t r o - e n t e r i t i s .
Case No. 5. P .O . Age 6 /1 2 .
T h is  p a t i e n t  was a d m itted  i n  h i s  t h ir d  day o f  i l l n e s s  
w ith  a h i s t o r y  o f  v o m it in g  and c o n v u ls io n s .
On e x a m in a t io n  h e  was found to be i n  a s e m i-c o m a to se  
s t a t e ,  and was h a v in g  f r e q u e n t  c o n v u l s io n s .  He was d eh y d ra ted  
and had a t e n s e  b u lg in g  f o n t a n e l l e .  N uchal r i g i d i t y  was marked 
and K e r n ig ’ s  s i g n  was p r e s e n t .  The p u l s e  was r a p id  and 
i r r e g u l a r .  The r e s p i r a t i o n s  were r a p id  b u t  th e r e  was no 
e v id e n c e  o f  in tr a p u lm o n a r y  d i s e a s e .
Lumbar p u n ctu re  r e v e a le d  a tu r b id  f l u i d .  The t o t a l  
c e l l  co u n t was 1 ,0 0 0  p lu s  c e l l s  p e r  c.m.m* The d i f f e r e n t i a l  c e l l  
cou n t was 90 p e r  c e n t  p o ly m o rp h s . M en in g o co cc i were fou nd  i n  
th e  d i r e c t  f i l m  and c u l t u r e .  P e n i c i l l i n ,  50, 000 u n i t s ,  were g iv e n  
i n t r a t h e e a l l y ^ a n d  normal s a l i n e s  were g iv e n  i n t r a p e r i t o n e a l l y ,  
A d r e n a l in ,  minims^ 5>were a d m in is te r e d  e v e r y  4  h o u r s .  D eath  
took  p l a c e  1 6i  hours l a t e r .
T h is  c h i l d  was i n  a moribund c o n d i t i o n  when a d m it te d  and 
lumbar p u n c tu r e  had to  be d e la y e d  f o r  s i x  h ou rs  u n t i l  th e  
g e n e r a l  c o n d i t i o n  im proved. Death took  p l a c e  b e f o r e  any form o f  
t h e r a p y /
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th era p y  c o u ld  h ave  b een  o f  a v a i l#
Case No# 6# J.M c. Age 6/ 1 2#
T h is  p a t i e n t  was a d m itted  i n  h i s  f i r s t  day o f  i l l n e s s  
w ith  a h i s t o r y  o f  v o m it in g ,  and l i s t l e s s n e s s #
On e x a m in a t io n  he was found  to be w e l l  n o u r ish e d ,  
n u ch a l r i g i d i t y  and K e r n ig ' s  s i g n  were p r e s e n t ,  b u t  were n o t  
marked. The f o n t a n e l l e  was b u lg in g ,  d e h y d r a t io n  was s l i g h t ,  and 
th e  r e f l e x e s  w ere  norm al.
Lumbar P u n ctu re  r e v e a le d  a t u r b id  f l u i d  w ith  a t o t a l  
c e l l  co u n t  o f  1 ,0 0 0  p lu s  c e l l s  p e r  c.m.m. c o m p r is in g  90 p e r  
c e n t  polym orphs. M en in gococc i  were p r e s e n t  i n  d i r e c t  f i l m  and 
c u l t u r e .  P e n i c i l l i n ,  5 0 ,0 0 0  u n i t s ,  w ere a d m in is te r e d  i n t r a  th ee  a l l y .  
The c e l l  cou n t a t  th e  9 th  day was 220 c e l l s  p e r  c.m.m. The 
c o n d i t i o n  had p r o g r e s s e d  s a t i s f a c t o r i l y  u n t i l  th e  7 th  day when 
g a s t r o - e n t e r i t i s  d e v e lo p e d .  S u lphaguanad ine , grm 1 and grm 0 .5  
e v e r  f o u r  hours, was g iven , and i n t r a p e r i t o n e a l  s a l i n e s  a d m in is te r e d ,  
b u t  to  no a v a i l .  The d ia r r h o e a  and d e h y d r a t io n  p r o g r e s s e d ,  th e  
f l u i d  rem ained o p a l e s c e n t ,  and d eath  took p l a c e  on  th e  1 9 th day. 
AUTOPSY. N o t  o b ta in e d .
The p a t ie n tfe  r e s i s t a n c e  was overwhelm ed by th e  su p e r ­
added i n f e c t i o n  o f  g a s t r o - e n t e r i t i s .  The i n d i c a t i o n s  were t h a t  
th e  p e n i c i l l i n  had overcome th e  m e n in g i t i s  and would have  
e f f e c t e d  a cure  i f  i t  were n o t  f o r  th e  new i n f e c t i o n .
Case N o .7 . D.Mc. Age 7 / 1 2 .
T h is  p a t i e n t  was a d m it te d  i n  th e  f i r s t  day o f  i l l n e s s
w i t h /
w ith  a h i s t o r y  o f  f r e q u e n t  v o m it in g ,  marked i r r i t a b i l i t y  and 
c o n v u ls io n s .  He was a w e l l  n o u r ish e d  c h i l d ,  w ith  a marked 
K e r n ig ’ s s ig n ,  and n u ch al r i g i d i t y .  The p u l s e  was r a p id  and 
o f  p oor  q u a l i t y .  The r e s p i r a t i o n s  were r a p id  and s h a l lo w ,  
p a l l o r  was marked.
Lumbar p u n ctu re  r e v e a le d  a tu r b id  f l u i d  w ith  a c e l l  
co u n t  o f  1 ,0 0 0  p l u s  c e l l s  p e r  c.m.m. which dropped on th e  7 th  
day to a cou n t o f  150 c e l l s  p e r  c.m.m. o f  which h0 p e r  c e n t  were  
polym orphs. M uscular t w i t c h in g s  f o l l o w e d  th e  a d m in i s t r a t io n  
o f  p e n i c i l l i n  a t  th e  3rd , k t h  and $th  lumbar p u n c tu r e s .  These  
were c o n t r o l l e d  by syru p  o f  c h l o r a l  one drachm. G a stro ­
e n t e r i t i s  d e v e lo p e d  on th e  8 th  day w ith  f r e q u e n t  l o o s e  s t o o l s .  
S u lp h agu an ad in e  was g iv e n  and i n t r a p e r i t o n e a l  s a l i n e s  b u t t h i s  
f a i l e d  to  overcom e th e  i n f e c t i o n .  D eath took  p l a c e  on th e  1 1 th  
day o f  i l l n e s s .
AUTOPSY. P e r m is s io n  n o t  o b ta in e d .
A g a in  i n  t h i s  c a s e ,  g a s t r o - e n t e r i t i s  d e v e lo p e d  as a 
c o m p l ic a t io n ,  and th e  p r o g r e s s  o f  the  c a s e  s u g g e s t e d  t h a t  the  
m e n in g i t i s  was r e s o l v i n g  under p e n i c i l l i n  t r e a tm e n t .
Case No. 8 . G.C. Age 7 / 1 2 .
T h is  p a t i e n t  was a d m itted  i n  h i s  f i r s t  day o f  i l l n e s s  
w ith  symptoms o f  v o m it in g  and i r r i t a b i l i t y .
On e x a m in a t io n  he was found to be a w e l l  n o u r ish e d  
c h i l d .  I r r i t a b i l i t y  was marked, th e  f o n t a n e l l e  was b u lg in g ,  
and K e r n ig ’ s s i g n  was p r e se n t#  He was i n  a com atose  s t a t e .
Lumbar/
Plate J ♦- BRAIN ; Rote jpcuJatWe.
Plate $  i- BRAlW; Note j?ao on vmtml c&pcci.
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Lumbar P u n ctu re  r e v e a le d  a tu r b id  f l u i d  w ith  
m e n in g o c o c c i  p r e s e n t  i n  th e  d i r e c t  f i l m  and c u l t u r e .  The 
m u scu lar  t w i t c h in g s  which f o l lo w e d  th e  i n t r a t h e c a l  a d m in i s t r a t ­
io n  o f  p e n i c i l l i n  were c o n t r o l l e d  by Syrup o f  C h lo r a l .  D eath  
took  p l a c e  2k h ours  la t e r *
AUTOPSY. T here was th rom b osis  o f  th e  s a g g i t a l  s in u s ,  w ith  
the thronbas e x t e n d in g  in t o  th e  su r r o u n d in g  s u p e r f i c i a l  c e r e b r a l  
v e s s e l s .  There was marked c o n g e s t i o n  and oedema o f  th e  b r a in .  
There was c o p io u s  pus f i l l i n g  th e  s u l c i  o v e r  th e  b r a in  s u r f a c e  
and a t  th e  b a s e .  S ee  P l a t e s  1 and 2. A l l  o t h e r  o rg a n s  were  
norm al.
T h is  p a t i e n t  had w e l l  d e v e lo p e d  s i g n s  o f  m e n in g i t i s  on  
h i s  f i r s t  day o f  i l l n e s s ,  w hich , t o g e t h e r  w ith  h i s  p a r t i c u l a r  
age group was o f  grave  portent. The r e a c t i o n  f o l l o w i n g  th e  
i n t r a t h e c a l  p e n i c i l l i n  was a f u r t h e r  ta x  on h i s  s t r e n g t h .  A 
s a g g i t a l  s in u s  th ro m b o s is  was found a t  a u to p sy .
Case h o .  9 D.H. Age 8 / 1 2 .
T h is  p a t i e n t  was a d m itted  i n  h i s  seco n d  day o f  i l l n e s s  
w ith  a h i s t o r y  o f  c o n v u ls io n s  and v o m it in g .
On e x a m in a t io n  he was found to  be f a i r l y  w e l l  n o u r ish e d  
and had a p o s i t i v e  K e r n ig ' s  s i g n  and n u ch a l r i g i d i t y .  There was, 
s l i g h t  d e h y d r a t io n  and marked p a l l o r .
Lumbar p u n ctu re  r e v e a le d  a tu r b id  f l u i d  w ith  a t o t a l  
c e l l  count o f  1 ,0 0 0  p lu s  c e l l s  p e r  c.m.m. o f  which 90 p e r  c e n t  
were p o lym orp h s. M en in gococc i were p r e s e n t  i n  th e  d i r e c t  f i l m  
and/
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and c u l t u r e .  A t  f i r s t  th e r e  was a s l i g h t  improvement in  the p a t ie n t ’s 
c o n d i t i o n  b u t  t h i s  was n o t  m a in ta in e d  o r  borne o u t  by th e  
c e r e b r o s p in a l  f l u i d  f i n d i n g s .  Only a sm a ll  q u a n t i t y  o f  f l u i d  
was o b ta in e d  on  th e  9 th  day a ’'b lo c k ” h a v in g  form ed. D eath  
took  p l a c e  on th e  1 2 th  day i n  h o s p i t a l .
AUTOPSY. The b r a in  was oedem atous and c o n g e s te d .  There were  
a d h e s io n s  and pus su r r o u n d in g  th e  b a se  and s p r e a d in g  up b etw een  
th e  tem poral and f r o n t a l  l o b e s .  Both l a t e r a l  v e n t r i c l e s  were  
d is t e n d e d  w ith  c e r e b r o s p in a l  f l u i d .
The p a t i e n t  was s e v e r e l y  i l l  on  a d m is s io n  and was 
c o n v u ls in g .  H is  g e n e r a l  c o n d i t i o n  a t  f i r s t  appeared  to  improve  
b u t  t h i s  was n o t m a in ta in e d .  I t  i s  p r o b a b le  t h a t  p e n i c i l l i n  
by i t s e l f  was n o t  s u f f i c i e n t l y  e f f e c t i v e ,  and a co m b in a t io n  o f  
p e n i c i l l i n  and su lphonam ide m igh t h ave  b e e n  more s u c c e s s f u l .
C ase No. 10 . L.Mc. Age 9 / 1 2»
T h is  p a t i e n t  was a d m itted  i n  h e r  3rd day o f  i l l n e s s  
w ith  a h i s t o r y  o f  i r r i t a b i l i t y  and p a l l o r .  Head r e t r a c t i o n  was 
marked.
On e x a m in a t io n  sh e  was found to  b e  f a i r l y  w e l l  n o u r ish e d ,  
and K e r n ig 's  s i g n  was p r e s e n t .  D e h y d r a t io n  was s l i g h t .
Lumbar P u n ctu re  r e v e a le d  a tu r b id  f l u i d  under p r e s s u r e .  
The c e l l  count was 1 ,0 0 0  p l u s  c e l l s  p e r  c.m.m. (9 0  p e r  c e n t  
p olym orp h s)  P e n i c i l l i n ,  5 0 ,0 0 0  u n i t s  Were i n j e c t e d  i n t r a t h e c a l l y ,  
and i n t r a p e r i t o n e a l  s a l i n e  was a d m in is te r e d .  G a s t r o - e n t e r i t i s  
d e v e lo p e d  on the 5 th day, b u t  su b se q u e n t  lumbar p u n c tu r e s  
r e v e a l e d /
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r e v e a le d  no improvement i n  the c e r e b r o s p in a l  f l u i d ,  a lth o u g h  th e  
organ ism  c o u ld  n o t  be i s o l a t e d .  D eath took  p l a c e  on th e  5 th  day# 
AUTOPSY. P e r m is s io n  was n o t  o b ta in ed #
The d i s e a s e  was w e l l  e s t a b l i s h e d  on  a d m is s io n  b u t  th e  
c l i n i c a l  c o n d i t i o n  a t  th e  t im e s u g g e s t e d  a f a i r l y  h o p e fu l  
p r o g n o s i s .  The o n s e t  o f  g a s t r o - e n t e r i t i s  on  th e  5^h day o v e r ­
whelmed th e  a lr e a d y  o v e r ta x e d  r e s i s t a n c e  o f  th e  c h i ld #
C ase Mo. 11 . f f .S .  Age 1 5 /1 2 .
T h is  p a t i e n t  was a d m it te d  i n  h i s  f i r s t  day o f  i l l n e s s  
i n  a com atose  s t a t e  w ith  a h i s t o r y  o f  v o m it in g  and c o n v u ls io n s .
On e x a m in a t io n  n u ch a l r i g i d i t y  and K e r n ig ’ s s i g n  were  
found  to  b e  p r e s e n t .  V o m itin g  was f r e q u e n t ,  p r o j e c t i l e  i n  ty p e ,  
and h e  was dehydrated*
Lumbar P u n ctu re  r e v e a le d  a t u r b id  f l u i d  under in c r e a s e d  
p r e s s u r e .  M en in gococc i were p r e s e n t  I n  d i r e c t  f i l m  and c u l t u r e .  
The t o t a l  c e l l  cou n t  was 1 ,0 0 0  p lu s  c e l l s  p e r  c.m .m . o f  w hich  
90 p e r  c e n t  were polym orphs. P e n i c i l l i n ,  50, 000 u n i t^  were g iv e n  
i n t r a t h e c a l l y  and m u scu lar  tv / i t c h in g s  f o l lo w e d  i t s  a d m in i s t r a t io n .  
I n t r a p e r i t o n e a l  s a l i n e ,  e i g h t  ou n ces  was a l s o  g iv e n .  The 
p a t i e n t  d ie d  13 hours a f t e r  a d m is s io n .
AUTOPSY. The s a g g i t a l  s in u s  was thrombosed. The b r a in
p r e s e n t e d  a c h e r r y  p in k  ap p earan ce , p a r t i c u l a r l y  round th e  
s u p e r f i c i a l  v e s s e l .  Pus ex te n d e d  o v e r  th e  b r a in  s u r f a c e .
The toxaem ia  was p rofou nd  i n  t h i s  c a s e  and the  
appearance  o f  th e  s ig n s  and symptoms o f  th e  d i s e a s e  were r a p id ,  
t h e /
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th e  p a t i e n t  b e in g  a d m itted  i n  a com atose s t a t e  i n  the f i r s t  day  
o f  i l l n e s s .  M uscular t w i t c h in g s  f o l lo w e d  the i n t r a t h e c a l  
p e n i c i l l i n  which was a f u r t h e r  ta x  on  th e  p a t ie n t f s  s t r e n g t h .
D eath  took  p l a c e  13 hours a f t e r  a d m is s io n .
C ase Ko. 12 . H.H. Age 3 y e a r s .
T h is  p a t i e n t  was ad m itted  i n  h i s  f i r s t  day o f  i l l n e s s  
w ith  a h i s t o r y  o f  h ead ach e , v o m it in g ,  c o n v u ls io n s  and l a s s i t u d e .  .
On e x a m in a t io n  he was found to be w e l l  n o u r ish e d .
There was s l i g h t  in f la m m a tio n  o f  the  f a u c e s ,  n u ch a l r i g i d i t y  and 
K e r n ig ’ s  s i g n  were p r e s e n t .
Lumbar p u n c tu r e  r e v e a le d  a tu r b id  f l u i d  un d er  in c r e a s e d  
p r e s s u r e .  The t o t a l  c e l l  count was 1 ,0 0 0  p lu s  c e l l s  p e r  c.m.m. 
w ith  a d i f f e r e n t i a l  c e l l  count o f  90 p e r  c e n t  po lym orphs.  
P e n i c i l l i n ,  5 0 ,0 0 0  u n i t s ,  were a d m in is te r e d  i n t r a t h e c a l l y  f o l l o w i n g  
each  lumbar p u n c tu r e .  There was no improvement i n  th e  f l u i d  
w ithdraw n a t  su b se q u e n t  p u n c tu r e s .
On th e  1+th day th e  p a t i e n t  became v e r y  drowsy and was 
n o t  d r in k in g .  I n tr a v e n o u s  s a l i n e  was g iv e n ,  b u t  th e  c o n d i t i o n  
r a p i d l y  d e t e r i o r a t e d  and d eath  took  p l a c e  on th e  7 th  day i n  
h o s p i t a l .
F o l lo w in g  th e  a d m in i s t r a t io n  o f  the f i r s t  d ose  o f  
p e n i c i l l i n  th e r e  were s l i g h t  m u scu lar  t w i t c h i n g s .
AUTOPSY. There was some pus o v e r  the  o c c i p i t a l  c o n v o lu t io n s ,  
and th e  b r a in  was oedam atous and c o n g e s te d .  There was a 
th r o m b o s is /
th ro m b o sis  o f  th e  s a g g i t a l  s in u s  i n  th e  p o s t e r i o r  1 / 2 .  There  
was no pus i n  th e  v e n t r i c l e s .
T h is  c h i l d  on a d m is s io n  was s e v e r e l y  i l l  and was h a v in g  
c o n v u l s io n s .  The c o n d i t i o n  a t  f i r s t  im proved b u t t h e n  r e la p s e d .  
A s a g g i t a l  s in u s  th ro m b o sis  was fou nd  a t  p o s t  mortem. The 
p r o g n o s i s  from th e  o u t s e t  was gra v e , b u t  i t  was th ough t t h a t  a 
g r e a t e r  d e g r e e  o f  s u c c e s s  sh o u ld  have  a t te n d e d  th e  i n s t i t u t i o n  
o f  tr e a tm e n t .
C ase No. 13* C.Mc. Age 5.
T h is  p a t i e n t  was a d m it te d  to th e  h o s p i t a l  i n  h i s  Uth day  
o f  i l l n e s s  w ith  a h i s t o r y  o f  h ead ach e , s h i v e r i n g ,  l o s s  o f  
a p p e t i t e  and v o m it in g .
On e x a m in a t io n  h e  was found  to  be w e l l  n o u r ish e d  b u t  
was s l i g h t l y  d eh y d ra ted  and was i n  a com atose  s t a t e .  Head 
r e t r a c t i o n  and K e r n ig ' s  s i g n  were p r e s e n t .
Lumbar P u n ctu re  r e v e a le d  a tu r b id  f l u i d  w ith  a c e l l  
cou n t o f  1 ,0 0 0  p l u s  c e l l s  p e r  e.m.m. The d i f f e r e n t i a l  c e l l  
cou n t was 90 p e r  c e n t  po lym orphs.
M en in gococc i w hich  were p r e s e n t  i n  th e  d i r e c t  f i l m  
were e x t r a c e l lu la r  i n  in c r e a se d  numbers. P e n i c i l l i n ^  50, 000 u n itS j  
were a d m in is te r e d  i n t r a t h e c a l l y  and t h i s  was f o l lo w e d  by  
m u scu lar  t w i t c h i n g s  w hich were c o n t r o l l e d  by one drachm o f  sy ru p  
o f  c h l o r a l .  The tem p eratu re  rea ch ed  10h°F p r i o r  to  d ea th .
AUTOPSY. There was pus c o v e r in g  th e  s u r f a c e  and b a se  o f  th e  
b r a in  and a t  th e  b a se  th e r e  were a l s o  a d h e s io n s .  There was 
s l i g h t /
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s l i g h t  d i l i t a t i o n  o f  th e  l a t e r a l  v e n t r i c l e s  which c o n ta in e d  p u s .  
Throm bosis o f  th e  m id d le  one t h ir d  o f  th e  s a g g i t a l  s i n u s  was 
p r e s e n t .
A t a u to p sy  i n  t h i s  c a s e  th e r e  was e v id e n c e  o f  s l i g h t  
d i l i t a t i o n  o f  th e  l a t e r a l  v e n t r i c l e s  and i n  a s s o c i a t i o n  w ith  
th e  pus and a d h e s io n s  p r e s e n t  s u g g e s t e d  t h a t  t h e  d i s e a s e  was 
o f  l o n g e r  s t a n d in g  th an  f o u r  d a y s  b e f o r e  a d m is s io n .  ' M uscu lar  
t w i t c h i n g s  a g a in  o c c u r r e d  i n  t h i s  c a s e  f o l l o w i n g  th e  i n t r a t h e c a l  
p e n i c i l l i n .
Case Ho. l h .  E. S . Age h Y e a r s .
T h is  p a t i e n t  was a d m itted  i n  h er  3rd day o f  i l l n e s s  
w ith  a h i s t o r y  o f  s e v e r e  h e a d a c h e s ,  v o m it in g ,  and i r r i t a b i l i t y .
On ex a m in a t io n  sh e  was found  to  be f a i r l y  w e l l  n o u r ish e d  
and had d e f i n i t e  n u ch a l r i g i d i t y  and a p o s it iv e  Keraigfe.^gn. She was 
s e v e r e l y  i l l ,  w ith  a tem p eratu re  o f  103°F»
Lumbar P u n ctu re  r e v e a le d  an o p a l e s c e n t  f l u i d  under  
m od erate  p r e s s u r e ,  w ith  a t o t a l  c e l l  co u n t o f  2 2 0 . c e l l s  p e r  c.ra.m. 
c o m p r is in g  70 p e r  c e n t  p o lym orp h s. M en in g o co cc i
were fou nd  i n  c u l t u r e .  The f o l l o w i n g  day h e r  c o n d i t i o n  had 
im proved, th e  h ead ach es  had d isa p p e a r e d , and th e  tem p era tu re  had  
dropped. On th e  3rd day th e  tem p era tu re  a g a in  became e l e v a t e d  
to  101°P and n u ch a l r i g i d i t y  and K e r n ig 's  s i g n  were w e l l  marked.
Lumbar P u n ctu re  r e v e a le d  a v e r y  o p a l e s c e n t  f l u i d  w ith  
a t o t a l  and d i f f e r e n t i a l  c e l l  cou n t o f  *k0 c e l l s  p e r  c.m.m. and 
60 p e r  c e n t  polym orphs r e s p e c t i v e l y .
P e n i c i l l i n /
P e n i c i l l i n ,  5 0 ,0 0 0  u n i ts ,  were a g a in  a d m in is te r e d .
The f o l l o w i n g  day h e r  c o n d i t i o n  was b r i g h t e r  and th e  
n u ch al r i g i d i t y  and K e r n ig ’ s s i g n  were l e s s .
A f u r t h e r  lumbar p u n ctu re  a t  t h i s  s t a g e  r e v e a le d  a 
s l i g h t l y  o p a l e s c e n t  f l u i d  under s l i g h t l y  in c r e a s e d  p r e s s u r e  
w ith  a t o t a l  and d i f f e r e n t i a l  c e l l  cou n t o f  330 c e l l s  p e r  c.m.m. 
and 60 p e r  c e n t  ly m p h o cy tes  r e s p e c t i v e l y .
On th e  9 th  day th e  tem p era tu re  became e l e v a t e d  w ith  
an e x a c e r b a t io n  o f  symptoms -  h ead ach e , n u ch a l r i g i d i t y ,  and 
K ern ig * s  s i g n  were p r e s e n t .  The tem p era tu re  was e l e v a t e d  
to  103°F, and lumbar p u n ctu re  r e v e a le d  a t o t a l  and d i f f e r e n t i a l  
c e l l  cou n t o f  600 c e l l s  p e r  c.m.m. and 70 p e r  c e n t  polym orphs  
r e s p e c t i v e l y .
P e n i c i l l i n ^  5 0 ,0 0 0  u n its ,w e r e  a d m in is te r e d  and su lp h a p y -  
r i d i n e  two grammes f o l l o w e d  by one gramme e v e r y  fo u r  h ou rs, were 
g iv e n .
The tem p era tu re  dropped to  normal i n  2 k .hours and th e r e
was a d e f i n i t e  improvement. S l i g h t  h eadache rem ained, b u t
n u ch a l r i g i d i t y  and K ern ig * s  s i g n  were l e s s  marked. T h is  
improvement how ever was n o t  m a in ta in e d  as th e  tem p era tu re  was 
a g a in  e l e v a t e d  and th e  symptoms and s ig n s  became w orse .
Lumbar p u n c tu r e  r e v e a le d  a v e r y  o p a l e s c e n t  f l u i d  w ith
a t o t a l  c e l l  count o f  I4I4.O c e l l s  p e r  c.m.m. o f  ¥/hich 60 p e r  c e n t
were polym orphs.
The i l l n e s s  from t h i s  s t a g e  ra n  a c h r o n ic  c o u r se  w ith
e v i d e n c e /
Plates of two cases si
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e v id e n c e  o f  h y d r o c e p h a l u s  h a v in g  d e v e lo p e d .  The c e l l  co u n t  
ranged  b e tw een  300 to  800 c e l l s  p e r  c.m .m . a t  s u b se q u e n t  
lumbar p u n ctu re s ,  u n t i l ,  e v e n t u a l l y  no f l u i d  c o u ld  be o b ta in e d  
th e r e  b e in g  a co m p le te  "b lock". A r i g h t  i n t e r n a l  s tr a b is m u s  
d e v e lo p e d  b e f o r e  d ea th . The p a t i e n t  d ie d  on th e  6J+th day i n  
h o s p i t a l .
AUTOPSY. The b r a in  was oedem atous and c o n g e s te d  w ith  marked  
d i s t e n s i o n  o f  th e  l a t e r a l  v e n t r i c l e s *  There was a mass o f  
ex u d a te  and a d h e s io n s  a t  th e  b a se .  (S e e  P l a t e s  3 and h ) .
I n  t h i s  c a s e  th e  c o n d i t i o n  a t  f i r s t  resp o n d ed  w e l l  to 
p e n i c i l l i n  and was c l e a r in g  up b u t  then  r e la p s e d .  The 
p e n i c i l l i n  was n o t  s u c c e s s f u l  i n  c o m p le te ly  e r a d i c a t i n g  th e  
i n f e c t i o n  and when th e  e x a c e r b a t io n  o c c u r r e d  tr e a tm e n t  w ith  
p e n i c i l l i n  and su lphonam ide was commenced. The r e s p o n se  was a t  
f i r s t  good but the d i s e a s e  had p a s s e d  in t o  th e  c h r o n ic  s t a g e  
and h y d r o c e p h a lu s  d e v e lo p e d .  The combined form  o f  th e r a p y  m ig h t  
have b e e n  more s u c c e s s f u l  i f  employed from the o u t s e t .
Case Ho. 15. J .R . Age k  y e a r s .
T his  p a t i e n t  was ad m itted  on h i s  s eco n d  day o f  i l l n e s s  
w ith  a h i s t o r y  o f  v o m it in g ,  s e v e r e  headache and l i s t l e s s n e s s .
Gn e x a m in a t io n  he was found to be p o o r ly  n o u r ish e d  and 
i n  a com atose  s t a t e .  He was d eh y d ra ted , and had a ra p id  weak 
p u l s e .  He had a p r o fu s e  p e t e c h i a l  r a sh  w i t h  marked n u ch al  
r i g i d i t y  and a p o s i t i v e  K ern ig * s  s i g n .
Lumbar P u n ctu re  r e v e a le d  a tu r b id  f l u i d  under m arkedly  
i n c r e a s e d /
CASE N 0 .1 5 .J .R .
T tittm bos'ts d  H gbt s'tgtnduL sin u s
P U i e i : -  F'RO'MT V IE W .
Yiaie$:- SID E  VIEW .
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in c r e a s e d  p r e s s u r e  and a t o t a l  c e l l  count o f  1 ,0 0 0  p lu s  c e l l s  
p e r  c.m.m. o f  which 90 p e r  c e n t - were po lym orp h s .
P e n i c i l l i n  5 0 ,0 0 0  u n its ,w e re  a d m in is te r e d  i n t r a t h e c a l l y ,  
and i n t r a p e r i t o n e a l  s a l i n e  was a l s o  g iv e n .  Goramine \  cc  
was a d m in is te r e d .
The tr e a tm e n t  was u n a v a i l i n g  f o r  he d ie d  2k  h ou rs  l a t e r .  
AUTOPSY. The b r a in  s u r fa c e  was c o v ered  w ith  pus p a r t i c u l a r l y  
a t  the b a se  and i n  the v e n t r i c l e s .  There was a th rom b osis  o f  
th e  s a g g i t a l  and s ig m o id  s i n u s e s .  (S e e  P l a t e s  V and V i ) .
T h is  was a p o o r ly  n o u r ish e d  c h i l d  i n  e x tr e m is  when a d m itted .
H is  r e s i s t a n c e  to  i n f e c t i o n  was s l i g h t  and th e  p r o g r e s s  to a 
f a t a l  t e r m in a t io n  was r a p id .
Case Ho. 16 . E. C. Age 7 / 1 2 .
T h is  p a t i e n t  was a d m it te d  to  h o s p i t a l  i n  h er  seco n d  
day o f  i l l n e s s  w ith  a h i s t o r y  o f  v o m it in g  and d ia r r h o e a .  She 
was i n  a com atose  c o n d i t io n  on a d m iss io n ,  and t h e r e  was a 
pronounced  p e t e c h i a l  e r u p t io n  on h e r  trunk and l im b s .  Nuchal 
r i g i d i t y  and K e r n ig ' s  s i g n  were s l i g h t l y  p o s i t i v e .
Lumbar P u n ctu re  r e v e a le d  a tu r b id  f l u i d  under in c r e a s e d  p r e s s u r e  
w ith  a t o t a l  and d i f f e r e n t i a l  c e l l  count o f  1 ,0 0 0  p lu s  c e l l s  
p e r  c .m .m .,  and 90 p e r  c e n t  polym orphs r e s p e c t i v e l y .
M en in gococc i were p r e s e n t  i n  the  d i r e c t  f i l m  and c u l t u r e .  
P e n i c i l l i n ,  5 0 ,0 0 0  u n i t s ,  were a d m in is te r e d  i n t r a t h e c a l l y  and
3 0 0 ,0 0 0  u n i t s  in tr a m u s c u la r ly .  She was g iv e n  coram ine c p . , 
and i n t r a p e r i t o n e a l  s a l i n e .  She d ie d  two h ours a f t e r  a d m is s io n .  
AUTOPSY. /
AUTOPSY. The b r a in  s u r f a c e  was cov ered  w ith  s m a ll  f l e c k s  o f  
pus w hichwere p a r t i c u l a r l y  t h ic k  a t  the b a se .  The b r a in  was 
oedem atous and c o n g e s te d .  A l l  o t h e r  organ s  appeared  norm al.
The i n f e c t i o n  i n  t h i s  c a s e  was o f  a p a r t i c u l a r l y  
v i r u l e n t  typ e  and th e  c h i l d  was i n  e x tr e m is  on  a d m is s io n  and i t  
i s  d o u b t fu l  i f  any form o f  th era p y  would h ave  b e e n  o f  v a lu e .
GROUP B CASES.
In  t h i s  group th e r e  were 7 c a s e s  w hich  te r m in a te d  
f a t a l l y .  The f o l l o w i n g  T a b le  Ho. 31 shows t h e i r  d i s t r i b u t i o n  
w ith  r e g a rd  to  age , d u r a t io n  o f  i l l n e s s  b e f o r e  a d m iss io n ,  
th e  l e n g t h  o f  s t a y  i n  the h o s p i t a l  b e f o r e .d e a t h  o c c u r r e d ,  th e  
p r e s e n c e  o r  a b se n c e  o f  c o n v u ls io n s  o r  o f  coma on  a d m iss io n ,  
and the  d eve lop m ent o f  g a s t r o - e n t e r i t i s  o r  h y d r o c e p h a lu s .  
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C ase Ho# 1 .  J .L .  Age ^ Weeks.
T h is  p a t i e n t  was a d m itted  i n  h e r  se c o n d  day o f  i l l n e s s
w ith  a h i s t o r y  o f  d i s i n c l i n a t i o n  to  ta k e  f e e d s ,  d ia r r h o e a  
v o m it in g  and c o n v u l s io n s .  On e x a m in a t io n  s h e  was found to be 
f a i r l y /
f a i r l y  w e l l  n o u r ish e d  and n u ch a l r i g i d i t y  and K ern ig * s  s i g n  
were p r e s e n t .  She was i n  a com atose  s t a t e .  Lumbar P u n ctu re  
r e v e a le d  a tu r b id  f l u i d  under p r e s s u r e ,  c e l l  cou n t 1 ,0 0 0  p lu s  
c e l l s  p e r  c.m.m*. The d i f f e r e n t i a l  c e l l  count was 90 p e r  c e n t  
p o ly m o rp h s .  M en in g o co cc i were found  i n  d i r e c t  f i l m  and c u ltu r e .  
I n t r a p e r i t d n e a l  s a l i n e ,  6 ounces, were g iven . The f o l l o w i n g  day 
th e  c o n d i t i o n  d id  n o t  im prove, the  n u ch a l r i g i d i t y  became more 
pronounced  and the coma d eepened . Lumbar p u n c tu r e  r e v e a le d  
a s t i l l  tu r b id  f l u i d  under in c r e a s e d  p r e s s u r e .  No m e n in g o c o c c i  
were fou nd  e i t h e r  i n  d i r e c t  f i l m  or c u l t u r e .  She d ie d  on  her  
se c o n d  day i n  h o s p i t a l .
T h is  p a t i e n t  was k  weeks o l d  and s e v e r e l y  i l l  when 
a d m itte d  b e in g  d eh yd rated  and i n  a com atose  c o n d i t i o n .  The 
a t te m p ts  to overcome th e  i n f e c t i o n  and the  d e h y d r a t io n  were  
u n a v a i l i n g ,  th e  d i s e a s e  h a v in g  assumed a f a i r l y  v i r u l e n t  form  
which gave  a g rave  p r o g n o s i s  from the o u t s e t .  D eath  took  
p l a c e  w i t h in  1+8 hours o f  a d m is s io n .
Case No. 2. B .B . Age 3 m onths.
T h is  p a t i e n t  was ad m itted  i n  h e r  f i r s t  day o f  i l l n e s s  
w ith  a h i s t o r y  o f  v o m it in g  and marked i r r i t a b i l i t y .  On 
e x a m in a t io n  sh e  was found to be d eh yd ra ted  b u t  was f a i r l y  w e l l  
n o u r is h e d .  N uchal R i g i d i t y  and K e r n ig ’ s  s i g n  were s l i g h t l y  
p o s i t i v e .  She was i n  a com atose  s t a t e .
Lumbar P u n ctu re  showed a tu r b id  f l u i d  under in c r e a s e d  p r e s s u r e  
w ith  a t o t a l  c e l l  co u n t  o f  1 ,0 0 0  p lu s  c e l l s  p e r  c.m.m* and a 
d i f f e r e n t i a l /
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d i f f e r e n t i a l  c e l l  count o f  90 p e r  c e n t  p o lym orp h s. P e n i c i l l i n
3 0 ,0 0 0  u n i t s  i n t r a t h e c a l l y ,  and sulphonamide^ one gramme f o l lo w e d  
by  h a l f  a gramme fo u r  hou rly ,w ere  g iv e n .
S u b seq u en t  lumbar p u n c tu r e  r e v e a le d  a tu r b id  f l u i d  b u t  no 
org a n ism s were p r e s e n t .  The c o n d i t i o n  did n o t  im prove and h e  
d ie d  on th e  1+th day i n  h o s p i t a l .  The d i s e a s e  p r o g r e s s e d  w ith  
r a p i d i t y  i n  t h i s  i n f a n t  and th e  tr e a tm e n t  d id  n o t  have any 
a p p a ren t  i n f l u e n c e  on i t s  c o u r s e .
Case No. 3 S .P . 9 m onths.
T h is  p a t i e n t  was a d m itted  i n  a com atose  s t a t e  i n  h e r  
2 nd day o f  i l l n e s s  w ith  a h i s t o r y  o f  f r e q u e n t  v o m it in g  and 
l i s t l e s s n e s s .  On e x a m in a t io n  sh e  was found  to  be f a i r l y  w e l l  
n o u r ish e d ,  th e  f a u c e s  were s l i g h t l y  i n j e c t e d .  N uchal r i g i d i t y  
and K e r n ig Ts s i g n  were marked. The p u l s e  was o f  p o o r  q u a l i t y ,  
i r r e g u l a r  and r a p i d .  Her f a c e  was f lu s h e d .
Lumbar P u n c tu r e  r e v e a le d  a tu r b id  f l u i d  under m arkedly in c r e a s e d  
p r e s s u r e  w ith  a t o t a l  and d i f f e r e n t i a l  c e l l  co u n t  o f  1 ,0 0 0  p lu s  
c e l l s  p e r  c .m .m .,  o f  which 90 p e r  c en t  were po lym orphs.  
M en in gococc i were p r e s e n t  i n  d i r e c t  f i l m  and c u l t u r e .  The 
p a t i e n t  d ie d  2k hours  a f t e r  a d m iss io n .
The age o f  the  p a t i e n t  and h e r  c o l l a p s e d  c o n d i t io n  
j u s t i f i e d  a grave  p r o g n o s i s  from th e  o u t s e t .  The th era p y  
em ployed was u n a b le  to e x e r t  any b e n e f i c i a l  e f f e c t  as  th e  c h i l d  
was overwhelm ed w ith  the i n f e c t i o n .  She d ie d  2k h ours  a f t e r  
a d m is s io n .
No.U. S .B . /
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No. 1+ S .B . Age 18 m onths.
T h is  p a t i e n t  was a d m itted  on h i s  2nd day o f  i l l n e s s ,  
w ith  a h i s t o r y  o f  v o m it in g ,  i r r i t a b i l i t y  and o f  h a v in g  had  
c o n v u l s io n s .  On ex a m in a t io n  he was fou nd  to  be a w e l l  
n o u r ish e d  c h i l d .  He had a heavier c o a te d  to n g u e ,  th e  
t h r o a t  was h e a l t h y .  K ern ig * s  s i g n  was p r e s e n t  and th e r e  was 
w e l l  marked n u ch a l r i g i d i t y .
Lumbar pun ctu re  r e v e a le d  a t u r b id  f l u i d  w ith  a c e l l  co u n t o f
1 ,0 0 0  p lu s  c e l l s  p e r  c.m.m. o f  w hich o v e r  90 p e r  c e n t  were  
polym orphs.
P e n i c i l l i n , ,  3 0 ,0 0 0  u n i t s ,  were i n j e c t e d  i n t r a t h e c a l l y ,  and 
su lphonam ide, grammes 1 . 5* f o l l o w e d  by one gramme fo u r  hourly , were 
g iv e n .
On th e  f o l l o w i n g , day the  r e s p ir a t i o n s  became more r a p id  and th e  
r e s p i r a t o r y  murmur h a r s h e r  w ith  c r e p i t a t i o n s  i n  b o th  lungs*  
Pneumonia was d ia g n o se d .  He la p s e d  i n t o  coma and d ie d  w i t h i n  
21+ h ou rs  o f  a d m iss io n .
AUTOPSY. There was marked c o n g e s t io n  and oedem a o f  th e  b r a in .  
The s a g g i t a l  s i n u s  was throm bosed . Pus was p r e s e n t  round th e  
l a r g e r  v e s s e l s  on the b r a in  su r fa ce#  There was c o n g e s t io n  o f  
th e  l e f t  lu n g  w ith  p l e u r i s y ,  and th e r e  were a d h e s io n s  a t  th e  
b a se .
I n  t h i s  p a t i e n t  the  m e n in g i t i s  was c o m p lic a te d  by a 
l e f t  s id e d  pneumonia which made th e  p r o g n o s is  d ou b ly  g r a v e .
Death o c c u r r e d  21+ hours a f t e r  a d m iss io n .
Case No. 5 /
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Case No. 5. E.G. 10 m onths. '
T h is  p a t i e n t  was a d m itted  i n  h i s  6 th  day o f  i l l n e s s  
w ith  a h i s t o r y  o f  v o m it in g  and c o n v u l s io n s .  He was i n  a 
com atose  s t a t e .
On ex a m in a t io n ,  he was found  to b e  p o o r ly  n o u r ish e d  and 
was s l i g h t l y  d eh y d ra ted . The a n t e r i o r  f o n t a n e l l e  was b u lg in g ,  
n u ch a l r i g i d i t y  was marked, and K ern ig * s  s i g n  was p r e s e n t .
Lumbar p u n c tu r e  r e v e a le d  a t u r b id  f l u i d  h a v in g  a c e l l  count o f
1 ,0 0 0  p lu s  c e l l s  p e r  c.m.m. o f  which o v e r  80 p e r  c e n t  were  
polym orphs. M en in g o co cc i  were p r e s e n t  i n  d i r e c t  f i l m  and c u l t u r e .  
P e n i c i l l i n ,  3 0 ,0 0 0  u n i t s ,  were i n j e c t e d  i n t r a t h e c a l l y ,  and 
su lphonam ide , an i n i t i a l  d ose  o f  one gramme and 0 . 5  grammes 
t h e r e a f t e r  f o u r  h o u r ly ,  were g iv e n .
The c o n v u ls io n s  which were p r e s e n t  on a d m is s io n  p e r s i s t e d  and 
r e c u r r e d  a t  f r e q u e n t  i n t e r v a l s ,  b u t  were e v e n t u a l l y  c o n t r o l l e d  
w ith  syrup o f  c h l o r a l .
There was no improvement o v e r  the f o l l o w i n g  s e v e n  days.
The n u ch a l r i g i d i t y  p r o g r e s s e d  to head r e t r a c t i o n  and o p is th o to n u s ,  j 
The p a t i e n t  d ie d  on th e  s e v e n th  day i n  h o s p i t a l .
T h is  p a t i e n t  was t e n  months o l d ,  and was a d m itted  i n  h i s  s i x t h  day  
o f  i l l n e s s  i n  a s e r i o u s l y  i l l  c o n d i t i o n  w ith  the  m a n i f e s t a t io n s  
o f  th e  d i s e a s e  w e l l  d e v e lo p e d . There was no r e s p o n s e  to  
tr e a tm e n t ,  d ea th  o c c u r r in g  on  th e  7 th day i n  h o s p i t a l .
C ase No. 6 . P .L . Age 6 m onths.
T h is  p a t i e n t  was a d m itted  w ith  a h i s t o r y  o f  h a v in g
been/
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b een  i l l  f o r  a c o n s id e r a b le  t im e b e f o r e  a d m is s io n .  He was 
l i s t l e s s ,  and b e f o r e  a d m is s io n  had s t a r t e d  to h a v e  c o n v u ls io n s .  
On e x a m in a t io n  he was found to  be em a c ia te d  and had a 
w id esp r ea d  eczem a i n v o l v i n g  th e  s c a lp .  N uchal r i g i d i t y  and 
Kernig* s  s i g n  were marked. He was v e r y  i r r i t a b l e  and had a 
p e t e c h i a l  r a sh .
Lumbar p u n c tu r e  r e v e a le d  a tu r b id  f l u i d  under in c r e a s e d  
p r e s s u r e ,  w ith  a t o t a l  and d i f f e r e n t i a l  c e l l  count o f  1 ,0 0 0  
p lu s  c e l l s  p e r  c.m.m. and 90 p e r  c e n t  polym orphs r e s p e c t i v e l y .  
M en in gococc i were found  to be p r e s e n t  i n  c u l t u r e .
On the m orning o f  th e  3rd day i n  h o s p i t a l  he was a g a in  lumbar  
p u n ctu red  b u t  th e r e  was no improvement i n  h i s  c o n d i t io n .  There  
were no organ ism s found i n  a f i l m  o r  c u l t u r e .
T h is  c h i l d  had a vagu e h i s t o r y  o f  i l l  h e a l t h  f o r  some t im e  
b e f o r e  a d m is s io n  and t h i s  had l e f t  him i n  a v e r y  d e b i l i t a t e d  
c o n d i t i o n .  The r e s i s t a n c e  o f  th e  c h i l d  as a r e s u l t  o f  h i s  
p r e v io u s  i l l  h e a l t h  was so  low  t h a t  ev en  a lth o u g h  tr e a tm e n t  
w ith  p e n i c i l l i n  and su lphonam ide was i n s t i t u t e d ,  th e  d i s e a s e  
p r o g r e s s e d  and d ea th  took  p l a c e  w i t h i n  2 days o f  a d m is s io n  to  
h o s p i t a l .
Case NO. 7. G. S. A ge k  m onths.
T h is  p a t i e n t  was a d m itted  i n  a com atose s t a t e  i n  h i s  
se c o n d  day o f  i l l n e s s  w ith  a h i s t o r y  o f  h a v in g  b e e n  f e v e r e d ,  
i r r i t a b l e ,  and v o m it in g .  On e x a m in a t io n  he was found to  be  
w e l l  n o u r ish e d  b u t  d eh y d ra ted . He had a b u lg in g  f o n t a n e l l e  
w i t h /
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w ith  w e l l  d e v e lo p e d  nuchal r i g i d i t y  and a p o s i t i v e  K e r n ig ’ s  
s ig n .
Lumbar p u n c tu r e  r e v e a le d  a tu r b id  f l u i d  w ith  a t o t a l  and 
d i f f e r e n t i a l  c e l l  count o f  1 ,0 0 0  p lu s  c e l l s  p e r  c.m.m. and 
90 p e r  c e n t  polym orphs r e s p e c t i v e l y .
P e n i c i l l i n ,  3 0 ,0 0 0  u n i t s ,  were g iv e n  i n t r a t h e c a l l y ,  and 
su lphonam ide , one gramme f o l lo w e d  by 0 . 5  gramme f o u r  h o u r ly .  
I n t r a p e r i t o n e a l  s a l i n e s  were g iv e n .  There was no 
improvement i n  the p a t i e n t s  c o n d i t i o n  o v e r  the  p e r io d  o f  
fo u r  d ays i n  h o s p i t a l .  Lumbar p u n c tu r e  a f t e r  the  t h ir d  day 
r e v e a le d  a t u r b id  f l u i d  b u t no o rg a n ism s were fou nd .
On th e  f o u r t h  day th e  c o n d i t i o n  d e t e r i o r a t e d  s t i l l  more and 
d eath  en su ed .
The d i s e a s e  p r o g r e s s e d  r a p id ly  i n  t h i s  c a s e  and th e  combined 
form o f  th era p y  i n s t i t u t e d  d id  n o t  h ave  much i n f l u e n c e  on  i t .  
The age  o f  the  p a t i e n t ,  and th e  d eg ree  o f  d e h y d r a t io n  r e s u l t i n g  
from th e  f r e q u e n t  v o m it in g ,  were f a c t o r s  which w e r e  d i f f i c u l t  
to  combat and made th e  p r o g n o s i s  g r a v e .
DISCUSSION.
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A l l  th e  c a s e s  d e a l t  w i th  i n  t h i s  s e r i e s  were o f  
s p o r a d ic  o c c u r r e n c e  b u t  i n  some p a t i e n t s  th e  d i s e a s e  approached  
i n  s e v e r i t y  th e  e p id em ic  form. The m a jo r i ty  were under two 
y e a r s  o f  age , an age group i n  which c e r e b r o s p in a l  f e v e r  has  
alw ays ta k en  a heavy  t o l l  o f  l i f e .  The d i s t r i b u t i o n  o f  th e  
s e v e r e l y  i l l  p a t i e n t s  i n  b o th  groups was f a i r l y  ev en , a lth o u g h  
t h e r e  tended  to  b e  a few  who e x h i b i t e d  f e a t u r e s  o f  g r a v e r  
p r o g n o s t i c  s i g n i f i c a n c e  i n  th e  p e n i c i l l i n  t r e a t e d  group.
The f a t a l i t y  r a t e  i n  th e  p e n i c i l l i n  t r e a t e d  c a s e s  was 
32 p e r  c e n t  as compared w ith  18 p e r  c e n t  i n  th o s e  who were g iv e n  
p e n i c i l l i n  and su lphonam ide. These f a t a l i t y  r a t e s  a r e  h ig h  and 
do no compare f a v o u r a b ly  w ith  th o s e  o f  o t h e r  workers u s i n g  the  
su lp h o n a m id es ,  e v e n  when one ta k e s  i n t o  c o n s id e r a t i o n  the  f a c t  
t h a t  th e  m a jo r i ty  o f  p a t i e n t s  were under two y e a r s .  Banks 
(1939) f o r  exam ple , t r e a t e d  a s e r i e s  o f  72 c a s e s  w ith  
su lp h o n a m id es ,  o f  which 1+9 were aged 5 y e a r s  o r  under and h i s  
f a t a l i t y  r a t e  was 1 . 1+ p e r  c e n t ,  th e r e  were no d ea th s  i n  th e  
c h i l d r e n  un d er  5 y e a r s  o f  age . I t  i s  t r u e  t h a t  the  c a s e s  
t r e a t e d  i n  h i s  s e r i e s  may have d i f f e r e d  i n  many r e s p e c t s  from  
t h o s e  d e a l t  w ith  i n  t h i s  work and no t r u e  com p arison  can b e  made, 
y e t  the d i f f e r e n c e  i n  th e  f a t a l i t y  r a t e s  i s  rem arkable .
S i m i l a r l y  th e  S c i e n t i f i c  A d v iso r y  Committee to  th e  Departm ent o f  
H e a lth  f o r  S c o t la n d  r e v ie w e d  i n  19JL+i_+ 2 ,2 2 3  c a s e s  o f  cerebrosq>inal  
f e v e r , /
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f e v e r ,  some o f  which o c c u r r e d  d u r in g  an ep id em ic  p e r io d  when 
th e  in c id e n c e  o f  s e v e r e  and f u lm in a t in g  forms were h ig h ,a n d  
t h e i r  f a t a l i t y  r a t e  i n  280 c a s e s  o f  one y e a r  o f  age and under  
t r e a t e d  w ith  su lphonam ides was 18*7 p e r  c e n t .  In  th e
p e n i c i l l i n ,  and p e n i c i l l i n  and su lphonam ide t r e a t e d  groups i n  
t h i s  s tu d y ,  th e  f a t a l i t y  r a t e s  f o r  t h i s  age group were h ig h e r  
b y35«3 pen  c e n t  and 8 . 5  p e r  c e n t  r e s p e c t i v e l y .  Banks, i n
h i s  s e r i e s  o f  c a s e s  f u r t h e r  o b se r v e d  t h a t  th e  tem p eratu re
g e n e r a l l y  r e tu r n e d  to  normal and t h e  a c u te  symptoms had c le a r e d  
up i n  from two to  s i x  days; th e  c e r e b r o s p in a l  f l u i d  was s t e r i l e  
w i t h in  tw e n ty  fo u r  hours and th e  c e l l  cou n ts  f e l l  r a p i d l y  to  
500 c.m.m. o r  l e s s  by th e  t h ir d  o r  f o u r t h  day o f  t r e a tm e n t .  At
th e  end o f  t e n  to f o u r t e e n  days th e  c e r e b r o s p in a l  f l u i d  was q u i t e
norm al.
In  the  c a s e s  t r e a t e d  by p e n i c i l l i n  a lo n e ,  and w ith  
p e n i c i l l i n  and su lp h o n a m id es ,  the  a c u te  s t a g e  o f  th e  i l l n e s s  
was more pro lo n g e d  th an  t h i s .  The p r im ary  p y r e x ia  i n  s e v e r a l  
o f  th e  c a s e s  i n  Groups A and B l a s t e d  u n t i l  the  t e n th  and 
s e v e n th  day o f  i l l n e s s  r e s p e c t i v e l y .  The c e r e b r o s p in a l  f l u i d  
i n  th e  p e n i c i l l i n  t r e a t e d  c a s e s  had c e l l  c o u n ts  o f  from 150 to  
1+50 c e l l s  p e r  c.m.m. i n  th e  g r e a t e r  number o f  c a s e s  u n t i l  th e  
f i f t e e n t h  day and i n  th o s e  t r e a t e d  w ith  p e n i c i l l i n  and 
su lphonam ide u n t i l  th e  e l e v e n t h  day.
A lthough  th e  c e r e b r o s p in a l  f l u i d  had a h ig h  c e l l u l a r  
c o n t e n t  f o r  s e v e r a l  d a y s ,  y e t  f o r t y  e i g h t  hours a f t e r  th e  
i n t r a t h e c a l /
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i n t r a t h e c a l  i n j e c t i o n  o f  p e n i c i l l i n ,  th e  m en ingococcus co u ld  
n o t  be found  i n  e i t h e r  f i l m  o r  c u l t u r e  i n  any o f  th e  c a s e s  i n  
e i t h e r  Group A o r  B. I t  i s  s u r p r i s i n g  t h e r e f o r e  t h a t  th e  
d i s e a s e  d id  n o t  r e s o l v e  more r a p i d l y ,  p a r t i c u l a r l y  i n  the  
c a s e s  which were t r e a t e d  w ith  an ad eq u ate  d osage  o f  
su lp h on am ides  i n  a d d i t i o n  to  p e n i c i l l i n .  Som eth in g  was 
r e s p o n s i b l e  f o r  p r o lo n g in g  th e  i l l n e s s ,  and s u s p i c i o n  f e l l  on  
th e  p e n i c i l l i n ,  f o r  i t  was shown by o t h e r  w orkers th a t  
i n t r a t h e c a l  p e n i c i l l i n  tended  to p rod u ce  what amounted to  an 
a s e p t i c  m e n i n g i t i s .  Rammelkamp and K e e fe r  (19U-3) h ave  shown 
t h a t  i n t r a t h e c a l ,  p e n i  c i l l i n  c a u se s  a p l e o c y t o s i s  o f  t h e  
c e r e b r o s p in a l  f l u i d .  R osenberg  and A r l in g  (l9^i+) n o ted  t h a t  
c a s e s  o f  m en in g o co c ca l  m e n in g i t i s  which were t r e a t e d  w ith  la r g e  
d o se s  o f  p e n i c i l l i n  had more s e v e r e  and p e r s i s t e n t  h e a d a c h e s ,  
th e  f e v e r  was more p r o lo n g e d ,  and th e  s ig n s  o f  m e n in g i t i s  
s u b s id e d  more s lo w ly .  T hese  f in d i n g s  l e n t  c o n f ir m a t io n  to  th e  
s u s p i c i o n  which was arou sed  t h a t  p e n i c i l l i n  i n  l a r g e  d o se s  d id  
ten d  to  p r o lo n g  th e  i l l n e s s  as a r e s u l t  o f  i t s  i r r i t a n t  e f f e c t  
on th e  c e n t r a l  n ervou s  sy s te m . Those p a t i e n t s  who r e c e i v e d  
th e  l a r g e  i n t r a t h e c a l  d ose  o f  5 0 ,0 0 0  u n i t s  d e v e lo p e d  more s e v e r e  
r e a c t i o n s  i n  th e  form o f  lu m b o -sa c r a l  p a in  o r  c o n v u l s io n s .  The 
c h i l d r e n  who d e v e lo p e d  t h e s e  r e a c t i o n s  w ere a l l  f o u r  y e a r s  o f  
age o r  under. C o n v u ls io n s  o c c u r r e d  i n  tw en ty  c a s e s  and 77* 2 p e r  
c e n t  o f  th e  p a t i e n t s  a f f e c t e d  were two y e a r s  o f  age o r  under.
The you n ger  th e  p a t i e n t ,  th e  h ig h e r  was the in c i d e n c e  o f  th e  
r e a c t i o n s . /
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r e a c t i o n s .  In  s e v e n t e e n  o f  th e  p a t i e n t s  e v id e n c e  o f  t o x i c i t y  
to th e  i n t r a t h e c a l  p e n i c i l l i n  f o l l o w e d  th e  f i r s t  o r  se c o n d  
d o se ,  which s u g g e s t s  t h a t  d u r in g  the e a r l y  a c u te  s t a g e  o f  th e  
i l l n e s s  th e  c e n t r a l  n ervou s  system  was more s e n s i t i v e  t o  the  
i m p u r i t i e s  o f  th e  drug. L u m b o-sacra l p a in  was com pla ined  o f  i n  
s e v e n  c a s e s  a l l  o f  w hich were aged from t h i r t e e n  months to  fo u r  
y e a r s .  I t  i s  p o s s i b l e  t h a t  t h i s  r e a c t i o n  was e x p e r ie n c e d  by  
you n ger  c h i l d r e n  b u t  no d e f i n i t e  e v id e n c e  c o u ld  be o b ta in e d  as 
th e y  were in c a p a b le  o f  d e s c r i b i n g  t h e i r  symptoms. The p a in  
was a t  i t s  maximum i n t e n s i t y  im m e d ia te ly  a f t e r  the  i n j e c t i o n  and 
th e n  g r a d u a l ly  p a s s e d  o f f  i n  about f i v e  m in u te s ,  A p o s s i b l e  
e x p la n a t io n  f o r  t h i s  r e a c t i o n  i s  t h a t  th e  c o n c e n t r a te d  s o l u t i o n  
o f  p e n i c i l l i n  was more i r r i t a n t  to  th e  cauda eq u in a  and th e n  
as i t  d i f f u s e d  and was d i l u t e d  i n  th e  c e r e b r o s p in a l  f l u i d ,  th e  
symptoms s u b s id e d .  However t h i s  c o n c e n t r a t io n  was s u f f i c i e n t  
to  ca u se  t h e  c o n v u ls io n s  which o c c u r r e d  l a t e r .
The im p u r i t i e s  p r e s e n t  i n  the  s a l t s  a r e  m a in ly
p y r o g e n e s  and a lth o u g h  t h e  p r o d u c ts  o f  each  m an u factu rer  conform  
to  th e  r e q u ir e d  s ta n d a rd  o f  p u r i t y  (300  u n i t s  o f  p e n i c i l l i n  p e r  
m illig ra m m e) t h e i r  t o x i c i t y  v a r i e s .  The s a l t s  u sed  i n  th e  
e x p e r im e n t  v a r i e d  i n  p o te n c y  from 300 to  500 u n i t s  p er  
m illig ra m m e, b u t  th e  amount o f  i m p u r i t i e s  p r e s e n t  when a l a r g e  
dose  was g iv e n  was s u f f i c i e n t  to  cau se  t o x ic  r e a c t i o n s .
A lth ough  i n  t h i s  s tu d y  th e  p e n i c i l l i n  was a d m in is te r e d
i n  a l a r g e  d o se  y e t  i t  was i n s u f f i c i e n t  to  p r o v id e  a 
b a c t e r i o s t a t i c /
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b a c t e r i o s t a t i c  a c t i o n  f o r  th e  whole i n t e r v a l  o f  f o r t y - e i g h t  
hours b e tw een  th e  i n t r a t h e c a l  i n j e c t i o n s *  The b a c t e r i o s t a t i c  
t i t r e  e s t i m a t i o n s  showed th a t  i t  was n o t  u n t i l  th e  s e v e n th  day 
t h a t  a t h e r a p e u t i c  concentraticno f  p e n i c i l l i n  was o b ta in e d  i n  th e  
c e r e b r o s p in a l  f l u i d  f o r t y - e i g h t  hours a f t e r  i t s  i n j e c t i o n *
The c a s e s  i n  Group B r e c e i v e d  a d o se  o f  3 0 ,0 0 0  u n i t s  
which b e in g  s m a l le r  was more r a p id ly  e x c r e t e d  so  t h a t  e v e n  
when c o n v a le s c e n c e  was reach ed , th e  number show in g  a r i s e  i n  
t i t r e  was few . The c o n c e n t r a t io n  o f  p e n i c i l l i n  i n  th e  
c e r e b r o s p in a l  f l u i d  was a t  i t s  maximum im m e d ia te ly  a f t e r  the  
i n j e c t i o n  and t h e n  s t e a d i l y  f e l l  a s  i t  was e x c r e t e d .  The 
e x c r e t i o n  was r a p id  d u r in g  th e  a c u te  s t a g e  o f  th e  i l l n e s s  when 
th e  b lo o d - b r a in  " b a rr ier"  was m ost im p a ired  b u t  i t  s t e a d i l y  
f e l l  as th e  e f f i c i e n c y  o f  t h e  " b a rr ier"  improved w ith  the  
r e c o v e r y  o f  th e  p a t i e n t .  The b a c t e r i o s t a t i c  t i t r e  e s t i m a t i o n s  
show t h a t  the  p e n i c i l l i n  was c o m p le te ly  e x c r e t e d  b e f o r e  th e  
n e x t  i n j e c t i o n  d u rin g  th e  f i r s t  few  days o f  th e  i l l n e s s .  Thus 
t h e r e  was a p e r io d  d u rin g  which th e  i n f e c t i o n  co u ld  have r e a s s e r t '  
ed i t s e l f ,  and i t  i s  h i g h ly  p r o b a b le  t h a t  t h i s  was a f a c t o r  which  
p r o lo n g e d  th e  d i s e a s e  i n  some o f  th e  c a s e s  t r e a t e d  by p e n i c i l l i n ,  
and p r e d is p o s e d  to s e q u e la e  such as h y d r o c e p h a lu s .
I n  Group B c a s e s  a s m a l le r  d o se  o f  p e n i c i l l i n  was 
g iv e n  b u t  th e  su lphonam ides a d m in is te r e d  a t  r e g u la r  i n t e r v a l s  
e x e r c i s e d  a c o n s t a n t  b a c t e r i o s t a t i c  a c t i o n  on  th e  i n f e c t i o n  and 
r e c o v e r y  was thus more rapid# To m a in ta in  an ad eq u a te  
p e n i c i l l i x ] /
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p e n i c i l l i n  l e v e l  o v e r  th e  f i r s t  few  days o f  i l l n e s s  th e  
drug, i f  a d m in is te r e d  i n t r a t h e c a l l y ,  would r e q u ir e  to  be  
i n j e c t e d  d a i l y  i n  a s m a l le r  d o se .  F r eq u e n t  i n t r a t h e c a l  
i n j e c t i o n s ,  how ever, no m a tte r  th e  e f f e c t i v e n e s s  o f  th e  
a s e p t i c  te c h n iq u e  em ployed, c a r r y  a d e f i n i t e  r i s k  o f  
in t r o d u c in g  a se c o n d a r y  i n f e c t i o n .  In  a d d i t io n ,  t h e  
d is c o m fo r t  and s t r a i n  on a s e v e r e l y  i l l  p a t i e n t  would be  
h a r d ly  j u s t i f i a b l e .
The trea tm en t  o f  m e n in g o co c ca l  m e n in g i t i s  i n  c h i l d r e n  
below  the age o f  f i v e  y e a r s  w ith  i n t r a t h e c a l  p e n i c i l l i n  was 
n o t  a s u c c e s s ,  and i t s  r o u t in e  employment i s  n o t  j u s t i f i e d ,  
p a r t i c u l a r l y  when th e  su lp h on am ides  g i v e  su ch  e x c e l l e n t  
r e s u l t s .  However, i f  a p a t i e n t  does n o t resp o n d  a d e q u a te ly  
to  th e  su lp h o n a m id es ,  i n t r a t h e c a l  p e n i c i l l i n  i n  s m a l l e r  d o se s  
and a t  more f r e q u e n t  i n t e r v a l s  co u ld  be r e s o r t e d  to , p r o v id e d  
th e  i n f e c t i n g  organ ism  i s  p e n i c i l l i n  s e n s i t i v e .  C a ir n s  (19^-6), 
f o r  exam ple, r e p o r t s  good r e s u l t s  from th e  tr e a tm e n t  o f  
pneum ococcal m e n in g i t i s  w ith  s u lp h a d ia z in e  and i n t r a t h e c a l  
p e n i c i l l i n *
SUMMARY.
F i f t y  c a s e s  o f  m en in g o co c ca l  m e n in g i t i s  were t r e a t e d  
w ith  i n t r a t h e c a l  p e n i c i l l i n  a lo n e ,  and a f u r t h e r  f i f t y  c a s e s  
w ith  sulphonam ide and i n t r a t h e c a l  p e n i c i l l i n .
The p a t i e n t s  t r e a t e d  e n t i r e l y  w ith  i n t r a t h e c a l  p e n i c i l l i n  
were g iv e n  a dose  o f  5 0 ,0 0 0  u n i t s  e v e r y  f o r t y  e i g h t  h o u rs .  The 
c a s e s  which w ere t r e a t e d  w ith  su lp h on am ides  i n  a d d i t i o n  to th e  
p e n i c i l l i n  r e c e i v e d  a s m a l l e r  i n t r a t h e c a l  d ose  o f  3 0 ,0 0 0  u n i t s .
B lood  c u l t u r e s  were ta k e n  from 75 p a t i e n t s  on  a d m is s io n  
and a l l  were n e g a t iv e .
The p e n i c i l l i n  b a c t e r i o s t a t i c  t i t r e  o f  th e  c e r e b r o - s p i n a l  
f l u i d  was e s t im a te d  a t  f o r t y  e i g h t  h o u r ly  i n t e r v a l s  a f t e r  i t s  
i n t r a t h e c a l  i n j e c t i o n ,  and i t  was found  t h a t  i t s  e x c r e t i o n  was 
r a p id  d u rin g  the a c u te  s t a g e  o f  t h e  i l l n e s s .
The q u a n t i t a t i v e  and q u a l i t a t i v e  changes i n  th e  
p o ly m orp h on u clear  l e u c o c y t e s  i n  th e  b lo o d  o f  p a t i e n t s  s u f f e r i n g  
from c e r e b r o - s p i n a l  f e v e r  were i n v e s t i g a t e d .  The e d s i n o p h i l  
polym orphs were found to  be a b se n t  o r  d im in ish e d  d u r in g  th e  
e a r l y  a c u te  s t a g e  o f  th e  i l l n e s s  and t h e i r  r e tu r n  to  the  b lo o d  
was o f  fa v o u r a b le  p r o g n o s t i c  s i g n i f i c a n c e .
The two groups o f  c a s e s  were compared and i t  was found  
t h a t  th e r e  were a s l i g h t l y  g r e a t e r  number o f  s e v e r e l y  i l l  p a t i e n t s  
among th o s e  t r e a t e d  e n t i r e l y  w ith  i n t r a t h e c a l  p e n i c i l l i n .
The r e s u l t s  o b ta in e d  from th e  tr e a tm e n t  o f  th e  c a s e s  
w ith  i n t r a t h e c a l  p e n i c i l l i n  a lo n e  were d i s a p p o in t in g .  The 
f a t a l i t y  r a t e  was 32 p e r  c e n t ,  and th e  i n c id e n c e  o f  h y d ro cep h a lu s  
an d /
and g a s t r o - e n t e r i t i s  was a l s o  h ig h .
In  th e  c a s e s  which r e c e iv e d  su lphonam ide i n  a d d i t i o n  to  
th e  i n t r a t h e c a l  p e n i c i l l i n  th e  r e s u l t s  were b e t t e r .  The f a t a l i t y  
r a t e  was lo w e r  by 18 p e r  c e n t ,  the  i l l n e s s  was o f  s h o r t e r  d u r a t io n  
and n o t  one o f  th e  c a s e s  d e v e lo p e d  h y d r o c e p h a lu s .
I n t r a t h e c a l  p e n i c i l l i n ,  i n  d o se s  o f  5 0 ,0 0 0  u n i t s ,  produced  
t o x i c  r e a c t i o n  i n  22 c a s e s  which v a r i e d  from lu m b o -sa c r a l  p a in  to  
c o n v u l s io n s .
The d i s e a s e  was, on  th e  w hole, more p r o lo n g e d  i n  a l l  the  
c a s e s  which r e c e i v e d  i n t r a t h e c a l  p e n i c i l l i n ,  and th e  r e s u l t s  d id  
n o t  compare f a v o u r a b ly  w ith  those o f  o t h e r  w orkers u s in g  t h e  
su lp h on am ides  a lone*
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